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THE CONSTRUCTION OF HIGH-TYPE 
BITUMINOUS PAVEMENTS 


BY THE DIVISION OF MANAGEMENT, U.S. BUREAU OF 


PUBLIC ROADS 
Reported by C. F. ROGERS, Assistant Highway Engineer 
\ 1926 the Bureau of Public Roads undertook a ~ 
study of construction methods and costs on bitumin- 


ous concrete highway projects. Twenty-three proj- 
ectsin7 States with an aggregate length of 150 miles were 
selected for study. Each of the projects was desig- 
nated by a job number which is used throughout this 
report. Details concerning the lengths of the projects, 
tons of surfacing for different courses and thickness of 
ses are given in table 1. The projects range in 
size from a minimum of 1,600 tons to a maximum of 
19.000 tons. 
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To facilitate comparison, actual mileages have been 
adjusted to mileages of pavement 20 feet wide and of 
equivalent area. The tonnage per square yard and per 
mile for base and surface courses is shown for each 
project. The tonnage of material in base courses in- 
eludes material used as a base in surface widening, full- 
width base sections relocation, and the course 
ordinarily referred to as the leveling course and placed 
on the base. Surface courses include only 


on 


top or 
wearing courses whether constructed on base of similar 
or dissimilar type. The base and surface 
thickness has been derived for each project by caleula- 
tions based on actual specific gravities developed in the 
various courses and actual weights of 


average 


‘ach course. 
Averaging the figures for all projects results in an aver- 
age project with a 20-foot surface, 5.15 inches of bitu- 
minous mixture, 6.5 miles in length and containing 
3,142 tons of material per mile. 





This average project 
required 20,426 tons of material, but recent projects 
have required approximately 54,000 tons in 12 miles 


A Mopern, LarGce-Capacity PLANT SHOWING ScREENS, BINS, 

















: : ; MIXER, AND StToraGE Box. Trucks Drive STRAIGHT 
and 65,000 tons in 14 miles. THROUGH IN LOADING 
TaBLE 1.—Length, thickness, and quantities involved in projects studied 
Length of re . Quantities per square alee a 
20 foot Quantities required - vane Qua Nun Thickne 
b ne pavement Surface Sea" 
equivalent Area, irses 
in area Base Surface Total Base Surface rotal Base ¢ I | Base Surface Total 
Square 
Miles Tons Tons Tons yards Tons Tons Tons Tons Tons Inches Inche Inches 
8. 28 | 16, 294 9,458 | 25, 752 97, 104 0. 168 0. 097 0. 26 1, 068 {2 110 3, 25 1.79 5. 04 
9.09 | 18,877 9,954 | 28, 831 106, 653 177 093 70 2, 077 O95 172 3. 42 72 5.14 
6. 57 |... 5 , O82 073 073 8 R51 l 1. 4 | 1.54 
, 5.89 5, 496 7 19, O64 OSO O75 155 933 SS4 g 2 1.55 1.42 2.97 
13.94 | 17,134 3, 504 . 105 131 23¢ 1, 228 533 2. 3 2.03 2. 42 4.45 
4. 58 5, 459 53, 701 103 062 16. 1, 192 31 tt 2 1. 99 1.17 3. 16 
4.40 6, 967 51, 672 135 115 250 1, 580 349 2.929 2 3. O8 2. 32 5. 40 
1.55 1, 307 , 210 072 173 24! 843 2, 034 2, 877 2 1. 65 3. 52 §.17 
4 6.59 | 15, 353 332 199 100 200 | 2, 398 1, 172 3 3.85 1.85 | 5. 70 
¥ 3.45 3, 191 , 421 079 073 152 925 S5t l 2 1.53 1.38 2.91 
2 6. 26 8,934 | , 457 . 122 132 254 1, 425 1, 551 16 2 2.79 2. 69 5. 48 
~ 6.19 | 11, 198 667 . 154 105 259 1, 809 1, 234 3, 043 3 2. 98 1. 99 | 4.97 
a iy a Ree 292 . 074 O74 870 870 1 1. 50 | 1. 50 
“- 2 {eee 995 . 099 ogg 1, 161 1, 161 l : 1.99 | 1.99 
r 2.29; 3,946 | 831 147 OS4 . 21 1 gs 2, 706 2 3. 36 1. 69 5. 05 
z 7.27 | 15,316 333 180 .119 299 2 40) 3, 507 3 3.48 2. 20 | 5. 68 
18 4.34 4, 286 | 925 OS4 . 076 160 890 1,877 2 1.77 1. 50 | 3. 27 
19 9.85 | 26,776 519 232 ~115 347 1, 355 4, O7F 3 4.49 2.13 | 6. 62 
») 12. 20 | 29, 680 | 162 . 207 . 135 342 1, 579 4,012 3 4.00 2. 50 6.50 
1 4.49 9, 144 } 647 173 . 160 . 333 1, 872 3, 910 3 3. 34 | 2. 96 6. 30 
» | 9.63 | 26, 238 992 . B2 119 .351 | 1, 396 4,121 3 4.49 2. 20 6. 69 
” | 8.62 | 21, 593 | 151 214 . 120 . 334 1,411 3, 916 3 4.13 | 2. 22 | 6. 35 
r | 9.89 | 29, 823 OS4 257 119 . 376 | 1, 390 4,409 3 4.97 2. 20 | 7.17 
We i average | 6.50 | 12,044 76, 274 158 110 268 1, 853 1, 289 3, 142 3. 11 2. 04 15 
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By far, the greater number of projects studied con- 
sisted of surfacing laid directly on old cement concrete 
pavements, although a few surfaces were placed on new 
subgrade or on new cement concrete base. In all cases, 
except one, the surfacing was placed between side forms 
of wood, steel, or concrete and finished to these forms. 
All of the single-course pavements were laid on cement 
concrete base of a lean mix, and a thickened-edge sec- 
tion with curbs for lateral support. In the case of the 
one project where side forms were not used the base was 
made 1 foot wider than the surface course. 

The mixes used include those commonly referred to as 
sheet asphalt, fine aggregate bituminous (or asphaltic) 
concrete, coarse aggregate bituminous concrete, and 
modifications of certain patented types of pavement on 
which patents are no longer operative. In the study 
of rates of production and costs, only those items di- 
rectly related to the actual pavement are included and 
such items as subgrading, form-setting, and production 
of materials are omitted. 

The projects were all of such size as to justify con- 
struction with a single plant set-up. In most cases the 
plants were located near the center of the job but factors 
such as the location of satisfactory sidings, space rentals, 
and accessibility made it desirable to locate some plants 
at a distance from the center. 


TYPICAL PROCEDURE IN BITUMINOUS CONCRETE CONSTRUCTION 
DESCRIBED 


Figure 1 shows the plan and elevation of a typical 
bituminous concrete plant. Aggregates are usually 
delivered by rail to an adjacent siding. From 2 to 4 
separated sizes are delivered. The aggregate is moved 
from the cars to stock piles from which the ‘cold 
bucket-elevator”’ is fed. At some plants the unloading 
is done by crane and at others the tracks of the siding 
are elevated permitting bottom-dumping of cars and 
gravity feed to bins or piles. Gravity feed from bins to 
the bucket elevator with the flow regulated by control 
gates is frequently used. Belt conveyors are also used, 
particularly for the sand. The different sizes of aggre- 
gate should be fed to the elevator in the proportions 
required for the mix as nearly as is possible. 

The cold elevator hoists the material to the dryer for 
drying and heating. When this operation is com- 
pleted the material is discharged by gravity to the hot 
pit beneath. At some plants, a blower and dust col- 
lector (see fig. 1) is used to by-pass the fine, dry material 
to prevent clogging the dryer. The fine material is 
wasted or deposited in the hot elevator pit with the 
larger heated aggregate. 

An elevator raises the material from the hot pit to 
screens at the top of the plant where it is separated into 
the required sizes and then deposited in storage bins 
located over the weighing hopper. Where filler is used, 
it is generally conveyed from ground storage to a sepa- 
rate bin from which it may be fed by gravity or screw 
conveyor to the weighing box. 

A boiler is used to furnish steam for heating materials 
and to operate the various power units. The boiler is 
usually heated by fuel oil which is stored in tanks and 
pumped to the boiler. Asphalt is drawn from cars and 
stored in an underground tank where it is heated by 
steam coils or tubes. The asphalt is pumped from 
this pit to the mixing platform on the main tower of 
the plant just above the pug mill. 

A batch is proportioned by allowing each size of ag- 


gregate to flow into the weighing box in the proper | desirable jacking and other devices for assembling un! 


_hopper supplying the mixer on another tower. Th] 
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amount as determined by weight. The aggregates ar 
then dumped into the pug mill, which is in continuous 
operation, and the asphalt is admitted while the mate- 
rials are being agitated. On completion of the mixing 
the batch is discharged through a steam-activated dis- 
charge gate to a storage box or directly to hauling 
equipment. 

The mixed material is hauled to the road and de- 


posited directly on the surface or in spreader boxes. % 


It is then either shoveled and raked into place or it 1s 


spread with the spreader boxes. Following the initial 4 


spreading, the final spreading and raking is often don 
by hand but recently, particularly in the west, th 


mechanical finishing machine has to a large exteni7@ 


replaced hand finishing. 

Rolling is done with a vanity of types of rollers 
Both the macadam and tandem type are used an 
weights range from 3 to 15 tons. 


PLANT MODIFICATIONS DESCRIBED 


Many modifications from the plant arrangemen® 
which has been described were observed but the genera 
methods remained unchanged. On some projects 1% 
the Middle Western States the various plant acces 
sories were built around a mixing unit mounted on 
railroad flat car. With such plants the economy 
easy movement is largely offset by small capacity w hic 
is inherent in the design. At one large plant, # 
elevator fed hot material to screens and batcher on ott 
tower and a second elevator raised the batches to! 





arrangement reduced the over-all height of the lan§ 
At another plant of medium capacity the units we" 

arranged horizontally on low towers with furnace, rv" 
screen hopper, and mixer assembly, and power plint 


_the order named. Most of the plants studied hac ve"§ 
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with speed and facility. The plant design which pro- 
vides a balanced flow of materials through the several 
units with a minimum number of simple mechanical 
devices will also provide the greatest freedom from 
breakdown and delay. 


TIME DISTRIBUTION AND DELAY STUDIED 


Although the plants studied varied somewhat in 
their arrangement, the particular functions of the 
various units were comparable. On every project 
there was a limiting unit or bottle neck, past which 
the materials could flow only in definitely limited 
amount. The removal of this bottle neck at one unit 
would only transfer it to some other unit which would 
then fix the rate of production. The purpose of the 
time study has been to derive the limiting rate for each 
unit or part of the plant and gradually to synchronize 
the several units by adjustment of size and speed or 
improvement of control of moving parts. 

Stop-watch studies covering thousands of hours 
were made of repetitive operations, such as loading, 
batching, and mixing. Analysis of these data resulted 
in detailed information concerning operating cycles 
and capacity of each unit. An accurate record was 
kept of the cause and amount of all delays. Delay or 
lost time was classed as ‘‘major”’ or ‘‘minor.’? Major 
delays are definite stops in excess of 15 minutes and 
may occur during working hours or as a_ prolonged 
shut-down. Minor delays occur only during working 
hours under full expense and are usually of greater 
relative cost than major delays. They may be only a 
few seconds in duration but may recur frequently in 
evclical operation. Study of stop-watch records for 
tvpical hours of operation indicated the extent of each 
kind of delay and comparisons were made on a_per- 
centage basis. It has been assumed that such per- 
centages reflect the time distribution during all of the 
working hours. The correctness of this assumption 
has been checked by comparison with records covering 
protracted periods and the error is found to be less than 
one tenth of 1 percent. 

Job time or ‘“‘available time”’ is based on the length 
of the average working day and the days of job dura- 
tion with the exception of Sundays and_ holidays. 
The elimination of major delays from available time 


—_— 
2 


results in ‘working time” during which the full crew 
is always on the job. The subtraction of minor delays 
from working time results in ‘‘utilized time” during 
Whicl) the plant is operating at 100 percent efficiency. 
In condueting the study both major and minor delays 
Were classified as to causes and also as to whether they 
were avoidable, partly remediable by good manage- 
men!, or unavoidable. 


The results of such studies are shown in tables 2 and 3 


and ticure 2. The nature and extent of all major ad 
minor delays observed in the time studies on each of 
the 2: jobs are shown in table 2. The available time 
on each project is shown in days and the average work- 
ing day is shown in hours. The product of these two 
yields the total available hours for each project, and 
the suimation of all projects gives 12,646 hours total 
available time. Major delays resulting from 15 general 
Causes 


ure responsible for the loss on all jobs of 4,552 


hours, or 36 percent of all available time. Minor delays 
resulting from 9 general « 


i ‘auses account for the loss 
of 1,80! hours out “of 8,094 working hours—a loss of 2 
percent of working time and 14 percent of sen a 
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time on all jobs. Of the 12,646 available hours, but 


6,293 hours are utilized in the direct production of 
paving mixtures. 


Table 3 is a recapitulation of table 2, 


distributing all 
delays according to 18 general causes, and subdividing 
each kind of delay as unavoidable, partly remediable or 
avoidable. Under these heads the delays are further 
classified major and minor. The last column of 
the table showing the number of jobs on which each 
type of delay occurred shows that certain well-defined 
types of time loss were found on nearly every project 
studied. The data of table 3 are shown graphically ‘in 
figure 2. 


as 


EFFICIENCY OF MANAGEMENT VARIES GREATLY 
PROJECTS 


ON DIFFERENT 


The extent to which production on the various 
projects suffered from major and minor iden com- 
bined may be shown by computing utilized time as a 
percentage of available time. Such percentages are 
given in the third column of table The effect of 
minor delays only (utilized time as a percentage of 
working time) is shown in the second column. Projects 
are listed in the table in the ascending order of these 
percentages which range from 55 to 97 percent. The 
last column of the table shows the over-all efficiency 


on each of the jobs derived by computing actual utilized 


time as a percentage of possible utilized time (available 
time less unavoidable delays). 











Project number 


Available days 
Average day, hours 
Total available hours 


Major delays 
Rain and snow 
Plant, mechanical 
Street, mechanical 
Late start, management 
Lack of materials 
Cold and fog... 
Wet base 
Moving ; 
Hauling equipment 
Power belts 
Fuel ; 
Handling materials 
Heating materials 
Lack of subgrade 
Miscellaneous 


Total__. 
[otal working time 


Total working time 
yf available time 


is perecnit 


‘ 


\finor delays 
Hauling equipment 
Bin shortage. - 
Plant, mechanical 
Plant, operative__- 
Handling aggregate 
Finishing 


Changing or inspecting mix 


Handling asphalt 
Miscellaneous - -- -- 


Total-_- 


Total minor delay, hours-.- 
Total utilized time, hours 
Utilized time as percentage of 
Working time 
Available time 


TABLE 


Cause of delay 


Rain and snow-.- nates 
Wet base or subgrade_- 
Cold and foggy weather 
Hauling equipment, supply 
a . cob 
Bins empty or overflowing - -- 
Miscellaneous - - - -- Sateen 
Mechanical trouble at plant 
Moving on street_.----- 
Handling aggregate at plant 
Mechanical on street - --- 
Lack of materials at plant 
Operative at plant.....--- 
Lack of subgrade- ----- Pacha 
Handling asphalt and fuel__- 
Heating materials at plant_- 
Late start—management 
Finishing 


Inspecting or changing mix_-- 


Total major delay. 


Total minor delay 
Total major and minor delay: 
Hours an 
Percent. - - 


— 


“ABLE 2. 
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‘over-all efficiency for the average 


)) 1 as follows: 
\ le time 12, 646 
| lable delay 
\Vlajor 3, SSY 
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Py itilized time & 529 
\ ble delay 
4JOr_..-- : 663 
i. dio 
2, 2a0 
Act itilized time : 6. 293 
Act tilized time as a percentage of possible utilized 
{ ees : é 74 
These data are shown graphically in figure 3. The 
upper graph shows the distribution of available time 
betwion the two kinds of delays and productive work. 
The ‘ower gr aph shows the ‘distribution of working 
ume “ctween minor delays and productive work and a 
comp rison of over-all efficiency at the various plants. 
The ciose agreement of utilized time as a percentage of 
Workin time with over-all efficiency indicates that the 
minor delays were largely avoidable and that the major 
delays were largely unavoidable. 
These data are an index of the efficiency of manage- 
ment in making use of available time. However, they 
do not reflect the mechani ‘al efficiency of the plants 


» while in full production. 
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The frequency and extent of delays from a variety of 


causes warrants a detailed 


discussion of 


the manner 


in which they creep into highway construction operation 
either as a result of adopted practices of management, 
or as a result of circumstances not directly controlled 


by management. 


Discussion of these matters will be 


delayed in order to first consider other losses which are 
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Figure 3.—UTILIzEp TIME AND Masor AND Minor DELAys AS 
PERCENTAGES OF AVAILABLE TIME (UPPER GRAPH) AND WorK- 
ING, TIME UTILIZED AND OvER-ALL EFFICIENCY AT ALL PLANTS. 


equally great in their effect on the potential profits 
of the contractor. 


PROJECTS RATED ACCORDING TO EFFICIENCY OF PRODUCTION 


Efficiency of production during utilized time involves 
the inherent rates of production of the units making 
up the plant, practices in operating the plant and 
specification requirements. Table 5 shows details 
concerning the mixing cycles on each of the 23 jobs, the 
output of the plants and their over-all efficiency. The 
mixing cycles shown represent the actual average per- 
formance during utilized time. 

Mixing cycles range from 46.8 seconds to 87.4 
seconds with the corresponding batches per hour 
ranging from 76.9 to 41.2. The plant with the smallest 
batch (0.309 ton) had a mixing cycle of 58.6 seconds 
with a resulting possible output of 19 tons per hour. 
A plant producing batches in excess of 2 tons in a cycle 
of 49.2 seconds, had a possible output of 150 tons per 
hour or 8 times the amount of the smaller plant. 


In table 5 the total job tonnage and the utilized time 
(table 2) are used to determine the rate of production 
per utilized hour. Since utilized time represents opera- 
tion at maximum efficiency, this figure also represents 
maximum possible production or plant capacity. 
Working hours and total tons produced are used to 
determine the production per working hour. The per- 
centage of plant capacity attained is the same as the 
percentage of working time utilized. Production per 
available hour is also shown. The over-all efficiencies, 
which reflect the management’s use of available time 
exclusive of unavoidable delays are repeated from table 
4 for comparative purposes. 

The production of a plant depends on both the inher- 
ent limitations of the plant equipment and on the effi- 
ciency with which it is operated. An index of produc- 
tion may be obtained by multiplying the plant capacity 
in tons per hour by the over-all efficiency. Such an in- 
dex for each plant is shown in table 6, which is arranged 
in descending order of indices. If the job with the high- 
est index of production, no. 23, be accepted as having 
maximum production, or 100 percent, we can then 
compute the percentage of maximum attained on the 
other projects as shown in the table. 

The production of job no. 23, as controlled by the 
combined plant and management characteristics was 
2', times that of the average and 11 times that of job 
no. 10. A later section of the report will show that the 
unit costs for labor and equipment on each project are 
in substantially the same order as the indices of pro- 
duction. Job no. 23 was a large project and used a large 
plant, and it should not be assumed that every project 
should use such a plant or should attain 100 percent on 
the basis used in table 6. 

The data of table 5 are shown graphically in figure 4 
in which the jobs are arranged in numerical order. The 
upper diagram shows the time of charge, mixing, and 
discharge for each plant. The middle diagram is a 
comparison of batch size with a superimposed compar'- 
son of the possible batches per hour at each plant—the 
two factors which determine the possible output. The 
lower diagram shows the rates in tons per utilized hour, 
per working hour, and per available hour. These rates 
are also referred to as plant capacity, attained produc- 
tion, and gross production. These rates cover produc- 
tion on whole road projects and therefore represent 
average characteristics. 

RATES OF PRODUCTION ON THREE PROJECTS COMPARED 


In a study of production with a view to increasing 
efficiency we must go beyond average characteristics 
and examine the fluctuations in output from day to day. 
Good management will be reflected by a consistent high 
daily production while inefficient management which 
permits delays to creep in will show fluctuations. 

Figure 5 shows the cumulative rates of production 
during working time expressed as a percentage of the 
maximum possible rate on each day of operation on thiree 
typical projects. The figures for any day represent the 
average for all days up to and including that day. There 
is a marked difference in the general average rates 
attained at the three plants, which are affected by the 
size of the plant, specification requirements as to the 
mixing cycle, and the efficiency of management. ‘The 
projects were selected particularly to show variations 
in the effect of fortuitous conditions. 
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TABLE 5.—Operating characteristics and efficiency of plants studied 
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Factors controlling production at 3 plants whose produc- 
tion rates are shown in figure 5 


Specified or plant 
limitation 


Actual limitations 


Total rotal 


oti a 
Base Surfac or aver- Base UETAC | og aver- 
ing ing 
ige ive 
Project no. 4 
Charge, seconds 7.2 8.6 8. 1 72 8.6 7.9 
Mix, seconds 83.5 60.7 51.6 10.0 60.0 44 ¢ 
Discharge, seconds 4.0 3.0 3.4 1.0 0 5 
Cycle, seconds 44.7 72.3 63. 1 41.2 71.6 6.0 
Batches per working 63. 2 39. 1 4.8 87.4 0.3 64.3 
hour a 
Tons per batch ° O44 SAY IST 1.0 1.0 1.0 
Tons per working hour 59. 6 34.7 44.2 87.4 50. 3 64.3 
Working hours 92.2 150. 0 242. 2 62.9 103. 5 166.4 
Total tons-. 5, 497 5, 208 10,705 497 5, 208 0, 705 
Project no. 18 
Charge, seconds 9.9 14.3 12.1 9.9 0.9 99 
Mix, seconds 4.6 46.4 4.4 32.2 31.4 31.8 
Discharge, seconds 13.3 14.1 13 13.3 14.1 13.7 
Cycle, seconds 67.8 74.8 0.2 4 4 4 
Batches per working 
hour 53. 1 48. 1 51.3 65 65 65 
Tons per batch 2. 048 2. 009 2. 035 2.0 2.0 20 
Tons per working hour 108. 8 96.8 104.5 130 130 130 
Working hours 246. 0 137.6 I83. 6 205. 9 102. 5 308. 4 
Total tons 26, 776 13, 327 10, 103 26, 776 13,327 40,103 
Project no. 22 
Charge, seconds 8.6 14.7 10.8 8.6 S¢ g ¢ 
Mix, seconds 33. 6 33.9 33.7 29.0 4 18 
Discharge, seconds 13.8 14.9 14.2 13.8 14.9 14.2 
Cycle, seconds 56. 0 63.5 58. 7 51.4 60.0 54 ¢ 
Batches per working 
hour 64.3 56. 7 61.3 70.0 60.0 66.0 
Tons per batch_. 2. O5¢ 2.053 2.055 2.1 2) 21 
Tons per working hour 132. 2 116.5 126, 2 147.0 126. 0 138. 6 
Working hours 163. 1 104 67.4 146.9 “) 243.4 
Total tons__-.-- 21, 593 12, 163 33, 75¢ 21, 593 12. 1 F 


On project no. 22 the specification as interpreted 
required 45 seconds mixing time or alternately per- 
mitted 70 batches per hour on base and 60 on surface 
course. With a 2.1-ton batch the maximum permissible 
rate (average for two courses) was 138.6 tons per hour. 
There is a great difference in the efficiency with which 
these plants were operated. On project no. 22 the 
cumulative rate of production rose to 90 percent of the 
maximum within 7 days after beginning work, and the 
job was completed in 39 days with an average rate of 
91 percent. On project no. 18 the average rate for 
the job was slightly more than 80 percent. 

On project no. 4 work was greatly hampered by bad 
weather and the cumulative rate of production did not 
reach 70 percent until the twenty-ninth day and re- 
mained at approximately this figure for the remainder 
of the job. The plant on project no. 18 could have 
completed this project in 10 days. 

A combination of time losses, slow operation, and 
small plant reduced the output at one plant to 4.9 tons 
per available hour (see table 5) even though operating 
at 80.6 percent efficiency, while another plant reached 
five times that production while operating at 51.6 per- 
cent efficiency. Still another project produced 108.2 
tons per available hour with an efficiency of 82.2 
percent. 

The low rates of production attained at some plants 
indicate that not only should more attention be given 
to the elimination of avoidable time losses but that 


consideration should be given to the use of plants of | 


larger capacity. Time losses due to weather cannot be 
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AVAILABLE DAYS 

FIGURE 5 
DurRING WorKING TIME EXPRESSED AS PERCENTAGE OF 1 
MaximMuM PossiBLE RATE [THe PLANT ON PrRosectr No 


Was SMALL, Poorty MANAGED, AND WEATHER CONDITIONS 


WeERE Bap. Own Prosect No. 18 THE PLANT Was LAR 
WELL MANAGED, AND WEATHER CONDITIONS WERE Gor 
On Prosect No. 22 tHe PLanr Was LAarGeE anp W: 
MANAGED BUT WEATHER CONDITIONS WERE ONLY Fatt 


controlled, but W hen such losses are followed by prod 


tion which cannot exceed a fixed low rate the unit co-ts 


are certain to be high. The desirable size of plant \ 
be affected by fixed daily cost of the outfit, relat 


plant costs, size of project, and other matters. Equip- 


ment and practice is not vet sufficiently standardised 
to attempt to lay down rules for size of plant but 1! 1s 
quite evident that many jobs justify greater plint 
capacity with a consequent greater daily product 
during available time. 


LOSSES OF TIME DUE TO WEATHER DISCUSSED 


Referring to tables 2 and 3, it will be noted that 
percent of all available time is lost because of the wea: he! 
and that such delays occurred on 21 out of the 23 pro} 
ects. Delays due to rain, snow, wet base or subgrid 
and cold or foggy weather, are classed as major unay \)1¢- 
able delay. However, there is the possibility of 1.1m 
mizing their effect on production and unit cost )) 
adjusting the construction season in accordance \v1t 


‘ weather records. 
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WEATHER CONDITIONS ON CALIFORNIA PROJECTS, 1927-30 
* States should and do cooperate with the contractors 
in the letting of contracts so as to permit construction 
of high-twpe surfacing during the most advantageous 
seasons of the year. Periods of greatest freedom from 
time loss due to weather conditions may be determined 
for sections of the country as shown by figure 6. This 
chart shows the percentage of available time lost due 
to weather on California projects and for all months 
except June and July. The data were collected in the 
vears 1927 to 1930 and the observations covered from 
300 to 1,000 available hours in each month. No data 
were collected for the months of June and July. It is 
believed that the chart is fairly accurate for most coast 
ind San Joaquin Valley points. The months between 
Apel and November, inclusive, had relatively favorable 
weather for construction. Such data can be developed 
for any section of the United States and the records of 
the United States Weather Bureau are particularly 
seful for such purpose. 
Weather losses occur almost invariably as major 
delays, and halt rather than retard operations. On the 
projects studied only 76 percent of the time available 
could be used as working time. Other losses which 
also detract from available time are found in both the 
major and minor classifications. Late starts in the 
morning and at noon and occasional early stops are 
not tolerated under competent supervision. A regular 
and consistent working day should be the rule. The 
occasional practice of working extra hours to make big 
runs one day only to suffer a corresponding loss the 
following day is not recommended. Asphalt paving 
construction requires a high degree of consistency since 
costs for such items as hauling units and heating of 
materials continue through all short delays. 
The orderly delivery of purchased materials is at 
times beyond the control of management but frequently 
lapses in placing orders are observed and a loss from 
this cause is clearly avoidable. In one case, laxity in 
insp tion of plant requirements led to failure of the 
tuel supply. In other cases failures of belt and bucket 
line ~ Were not anticipated or failure to maintain a proper 
inventory of spare parts resulted in prolonging delays. 
In general, such delays have been classified as partly 


remeciable. Their prevalence indicates that the plant 
Manigement should definitely place responsibility « 
amon employees for keeping up stocks of materials, 


ee ies and spare parts, and anticipating breakdowns 

of uni 
Pre veal or partly remediable delays were re- 
corded on more than half of the projects studied. Un- 
common delays, principally accidental in character but 
47080—3: 
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not infrequently due to carelessness also resulted in loss 
of produc tion. Thee xplosion of a boiler, destruction of 
plant by fire in two cases and the accidental death of an 
employee are typical examples 
miscellaneous del: “Vs 

All these delays, common 
or otherwise, indicate the 
robbed 23 contractors of 
time. 

The total loss of 4,553 hours on 23 projects because of 
major delays is a serious one. However, major delays 
generally result in cessation of operation, and are there- 
fore usually accompanied by a partial reduction in cost 
of labor, fuel, ete. With minor delays such is not the 
case. Minor delays appear in the countless repetitive 
operations where a single loss of time is of negligible 
moment but when regularly repeated they amount to 
a considerable portion of the working time. They oceur 
under full operating costs and are of greater importance 
than idling costs to the extent that hourly operating 
exceed hourly idling costs. Most minor 
are avoidable 


These were classed as 


and uncommon, fortuitous 
need for alertness, since they 
12.3 percent of their available 


costs 


delays 


te 
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MATERIALS YARD, AND ARRANGEMENT OF BULKHEADS. 
COLLECTOR IN FOREGROUND. 


“BIN DELAYS"? OUTSTANDING AS A CAUSE OF MINOR DELAYS 

The outstanding minor delay is “bin shortage”’ 

caused by inability to furnish aggregate to multiple 
bins in the proportions required in the mix. Failure to 
do this results in shortage in one bin or overflow in 
another. Buin shortage accounted for the loss of more 
than 613 hours on the 23 jobs and was found on every 
project. On recent jobs under good management 
definite steps were taken to reduce this loss with excel- 
lent results. 

When aggregates are fed to the elevator in proportions 
differing from those required in the mix a shortage is 
bound to follow in one bin or overflow in another. 
Where the different sizes of aggregate are combined 
when delivered or are combined in stock piles or bunkers 
at the plant there is always more or less trouble with bin 
supply. Complete separation of each required size in 
stock piles is a first essential to the necessary control. 
With the necessary sizes readily available the problem 

can be completely solved by proper functioning of feed 
controls. 

Figure 7 shows several different methods of feeding 
aggregates to elevators. At one plant the method of 
handling was as follows (method A, fig. 7): Four sizes 
of aggregate were required. 
at ground level against 


The materials were stored 
bulkhead with 2 partitions 
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to provide 3 bunkers. Sand and the largest size of 
rock were combined in 1 of these bunkers according to 
the judgment of the crane operator while the other 2 
were filled with correctly separated sizes. Adjustable 
vertical gates in the bulkhead permitted materials to 
flow to a pit where they were picked up by the “cold 
elevator.”’ The gates were adjusted from time to time 
as the need was indicated. Bin conditions were indi- 
cated by a system of rope “feelers”? and visual signals. 


The sand was mixed with coarse rock to overcome the is 


resistance of sand to flow. The control of the two mixed 
sizes was not positive and the feeding of the small stone 
through vertical gates was not entirely satisfactory. 

Another plant was operated on the same general plan 
except the sand was stored in a separate bunker with a 
sand trap feeding a belt conveyor which deposited the 
sand in the elevator pit (method B, fig. 7). Here there 
was also difficulty with the vertical gates and a need for 
constant alertness in regulating the controls. 

Improved operation was observed at a third plant 
with four raised bunkers feeding a belt conveyor in 
front of the stone bunkers and beneath the sand bunker 
(method C, fig. 7). Sand was fed through a trap and 
stone through angular sloped feed gates. Rate of feed 
from bunkers could be observed while inspecting the 
condition of bins—a considerable advantage. Such an 
installation costs more than those previously described 
but the cost was more than offset by the saving in 
working time. 

A fourth method gives such positive control as prac- 
tically to eliminate bin delays (method D, fig. 7). It 
consists of four bunkers. placed over an excavated and 
shored tunnel in which a belt conveyor is placed. Each 
bin has two gates in the bottom which are used alter- 
nately to induce breaking down of reposed material. 
The open gates drop the material to an automatic, 
power-driven plate feeder which can be set to deliver 
material in the exact quantity desired. On the job 
where this arrangement was used it practically elimi- 
nated bin delays and the savings thus effected were 
considerably more than the cost of the installation. In 
100 hours of operation bin delay amounted to less than 
one tenth of 1 percent. 


DELAYS FROM SHORTAGE OF HAULING EQUIPMENT OF : 


CONSIDERABLE IMPORTANCE acares 


Next in importance to bin delay is the time loss aris- 
ing from a shortage of hauling equipment or faulty 
operation of hauling units. Some loss of this type 
occurred on every project and such losses accounted for 
657 hours on all projects or 5.2 percent of the total 
available time. Time losses arising from hauling are 
thought to be largely avoidable since they occur most 
extensively on poorly managed work. Referring to 
table 2 it will be noted that on 4 poorly managed jobs, 
hauling equipment delay varied from 16 percent to 24 
percent of operating time, whereas on 4 well managed 
projects, it was reduced to less than 2 percent and on 
one of these jobs to less than one tenth of 1 percent. 

Frequently, it is difficult to determine whether a delay ; 
is the result of shortage of hauling units or to road con- a 
ditions. Timing of the hauling units should indicate i 


the source of the trouble and the remedy to be applied. | 
_ Delay resulting from hauling operations may have | 
its origin in faulty plant arrangement, failure to provide | 


sufficient storage of mixed batches, poor and indifferent | Picture 
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operators, poor equipment, bad roads, traffic interfer- 
ence, lack of correlation between plant and road capac- 
itv, or may be due to an insufficient number of hauling 
units. 

The routine operation of taking on the load at the 
plant should be smooth and systematic. Oiling of 
bodies should be done at necessary stops on the plant 
loop. Nearly all plants are equipped for storage of one 
or more truck loads of mixed material, but some con- 
tractors delay truck operation by requiring trucks to 
wait and receive batches as they are mixed. Trucks 
should pass over a loop at the plant and should not be 
required to back in turning or to reach the loading 
point. Seales for weighing should be on the most direct 
route from the plant to the job. Experienced mechan- 
ics should be at hand to promptly correct mechanical 
troubles with the hauling equipment. Roads should 
be regularly maintained and some conditions may 
require constant maintenance. The value of increased 
travel speed will more than pay maintenance costs. 

Equipment and personnel on the street or road should 
be sufficient to handle the production of the plant 
without delaying trucks in depositing loads. 

Often, failure to provide an adequate supply of 
hauling equipment is due to inability to determine needs 
rather than to inability to obtain an ample supply. 
To assist in rectifying this condition, contractors are 
frequently furnished hauling charts, graphically simpli- 
fying the determination of a proper supply. Figure 8 
is a Z-type nomograph designed particularly for use 
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FIGURE 8.—DIAGRAM FOR DETERMINING NUMBER OF HAULING 
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analysis before the job is begun. 
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on asphaltic concrete work and based on the formula 

QY (10,560L 

aows S 

Instructions for are given on the chart and the 
steps in the progressive solution are numbered corres- 
pondingly. The application of this chart to a specific 
problem is shown by guide lines. To arrive at a solu- 
tion for a particular job it is necessary to know the 
length of haul, Z; the usual average round-trip speed 
of units on the road, S; the time constant which is the 
total time consumed in performing necessary opera- 
tions other than travel, 7’; the capacity of the hauling 
unit, W; and the plant capacity, 0. The number of 
trucks required for any length of haul up to 17 miles 
may be determined with this chart. 

The shorter the haul the larger is the relative impor- 
tance of the time constant. Large hauling units have 
a greater time constant but the frequency of occurrence 
is less. Figure 8 may also be used to determine the 
economical size of hauling unit. The number of trucks 
required may be determined for alternative sizes, using 
the operating constants for each size of truck. Know- 
ing the number of trucks required the total cost may 
be determined from the costgof ownership or rental of 
each size. On the projects studied, loads carried varied 
from 1.17 tons to 6.57 tons and the lowest unit cost 
was produced by the largest trucks. 

Hauling cost is sufficiently important to justify 
Careful advance 
planning is very likely to result in substantial savings. 


1). Thesymbolsare defined below. 
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The possible economy of an extra plant set-up for the 
purpose of reducing average haul distance should be 
investigated. It should be borne in mind that total 
hauling cost is the summation of daily costs while haul- 
ing at varying distances and that calculations based on 
the average haul distance are misleading. Occasionally 
it has been found uneconomical to furnish the hauling 
equipment necessary to maintain full plant production 
on extremely long hauls. However, it is believed that 
a careful comparison of the cost of an additional plant 
set-up with the additional hauling costs and losses in 
plant production will often indicate the desirability of 
moving the plant in such cases. 


MANY MINOR DELAYS CAN BE EITHER MINIMIZED OR PREVENTED 

Delays at the plant include those classed as ‘‘me- 
chanical” or failure of machinery to function properly ; 
‘operative’ or failure of labor to function properly; 





A TypicaL DryeR ARRANGEMENT. 


“handling aggregate” (exclusive of bin delays); inter- 
ruption of operation to inspect or change the mix; and 
a variety of miscellaneous short delays of infrequent 
occurrence. Such minor delays accounted for a total 
of 4.34 percent of all working time, a matter of 550 
hours. 

Many mechanical failures could not reasonably have 
been anticipated. However, careful, periodic inspec- 
tions will accomplish a definite reduction in the 
frequency of breakdowns. The maintenance of care- 
fully inventoried stocks of repair parts such as chain 
links, belt laces, pipe line connections, cables, dipper or 
clamshell teeth and gear sprockets has proven to be 
low-premium insurance. 

Operative delays occur as the result of failure of a 
particular machine to keep up with the pace which can 
be set on the rest of the job and may be due to inade- 
quacy if the machine itself or to the manner in which 
it is operated. A study of time records is convincing 
that the majority of such delays are the result of habits 
of operators which can be corrected. It is as easy for 
operators to form the habit of consistently maintaining 
output at the capacity of the machine as it is to fall 
into careless operation which is perhaps affected by 
another equally careless operator at another machine. 
Such operation is most often due to lack of thought 
rather than indifference. The high cost of operative 
delays makes it desirable to place skillful operators in 
key positions at wages commensurate with the responsi- 
bility of the position. 

Delays incident to handling materials may occur at 
any point along the line of progress through the plant. 
Adequate crane capacity is essential and must be 
accompanied by good operation or output will suffer. 


A poor machine with a good operator or a good operator | 
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and machine with a poor arrangement of facilities for 
unloading, stock piling and feeding to the dryer, may 
fix the limit of production considerably below that 
attainable in other parts of the plant. Reference 1: 
again made to figure 1 which shows a typical, orderly 
arrangement with the crane runway between spur trac! 
and stock piles and within easy reach of all sizes o 
aggregate. With proper arrangement of facilities, th: 
ordinary *j-vard crane is suitable for production up t 
1,200 tons in an 8-hour day of plant operation 


MANY DRYERS FOUND TO PRODUCE UNSATISFACTORY RESULTS 


Delays at the dryer may result from the use of 
dryer of inadequate capacity, or from the use of exces- 
sively moist material. Dryer ‘capacity depends on 
number of variables and calculations of capacity are 
based on an empirical formula. Table 8 shows th: 
dimensions and characteristics of dryers at 11 of th 
plants studied. 

Examination of the data shows that the capacity of a 
dryer is, to a considerable extent, dependent upon the 
degree of agitation of the material. Agitation is 
affected by the details of the dryer design and par- 
ticularly by the baffling which controls the height of fal! 
Table 9 demonstrates this relationship. 


raBLeE 8 Characteristics of typical dryers 
Empirical capacit 
Revo- tons per hour ur 
Dian lutions various conditior 
Jot Length ag Pitch per 
eter 
min 
ute Poor Aver ( 
ge 
Inches 
Feet Inches per foot 
1 24.0 66 0. 8&8 9.7 70 vO 
2 20. 5 60 75 10.3 60 70 
5 18.0 Ho 1.00 6.6 io 75 
9 24.0 72 76 5.3 70 90 
16 24.0 54 1. 00 9.5 65 SS 
18 22.0 72 75 8.0 17 124 
19 22.0 72 7.0 SS 108 
» 3.0 oo 1.00 vee | 70 vo 
2) 20 60 1.2 7.0 60 70 
22 22.0 72 75 &.0 7 124 
23 22.0 72 75 8.0 7 124 
A verage 22.0 66 . 89 7.9 75 95 
I'ypical_.-. 24.0 72 75 8.0 i) 120 
TABLE 9.—Relation between height of fall of material in the 


and output at 4 typical plants 


Time re- 
Height of | , dete Material quired to 
fall of pacity | in dryer at | produce a 


material | Per hour any instant) ton of ma 
terial 

Feet Tons Tons Seconds 

3. 458 150 5. 21 24.0 

2. $2 118 6.72 30. 5 

2. 11 sv 2.42 40.58 

1. 25 69 1.37 2.2 


Efficiency of dryer operation is to be judged not onl} 
by rate of output but also by the temperature of th 
materials as they leave the plant. Variations in the 
temperature of mixed materials affect every operation 
in laying the surface and frequently result in lac\ o 
smoothness and density. Samples of compacted pave 
ment of the same mix have shown a percentage of \ vids 
ranging from 7 to more than 16. The excessive volé 


content was attributed to low temperature during 
compaction. Figure 9 shows the average and extreme 
temperatures of batches leaving the plant on five jobs. 
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TEMPERATURE - DEGREES FAHRENHEIT 


BASE AND LEVELING COURSE SURFACE COURSE 


rE 10.—Daity AVERAGE TEMPERATURES OF LoaAps LEAv- 
ING PLANT COMPARED ON A PERCENTAGE Basis BASED ON 
OBSERVATIONS ON 7 PROJECTS. MIXTURES FOR BASE AND 
LEVELING CouRSE OBSERVED Days AND MIXTURES 


] 
, SURFACE COURSE OBSERVED 1 Days. 


72 
52 
Figure 10 shows percentage of batches of different tem- 
peratures as combined for seven projects. Temperature 
observations were made on both base and surface mixes 
plants on 324 days and in only 55.8 percent of the 
were the temperatures within the specified limits. 
Extreme ranges of temperature exceeded 100°. Failure 
to meet the specification for temperature on base and 
leveling course was most often due to low temperature 
but in the case of surface course it was most often due 


at 4 


Cases 


to excessive temperature. 

Hot materials are transported from the dryer to the 
screens by a bucket elevator. It is important that both 
the elevator and screens be housed and insulated to 
prevent a waste of heat and unsatisfactory results in 
laying the surface. 

S¢ 


kEENS AND BINS SHOULD BE OF ADEQUATE CAPACITY 


In designing a plant for a given capacity it is readily 
possibie to determine the amount of material to be 
: handled by each size of screen. However, the output 
} ol a screen depends on a number of variables and 


ny designs are based on empiric formulas. The observa- 
the} tions which have been made indicate that a margin of 
the j production should be provided to care for uncertain- 
ion > “es of operation. Troubles arising from inadequate 
of 7 @ capacity cannot be overcome by overloading screens, 
iver | > Mcreasing the speed of revolving screens beyond a cer- 
pids » ‘ain limit, or using an excessive pitch. Such measures 
od |» I2variab'y result in inaccurate screening and should be 
ring 9 Prohibited by inspectors. 
a At several plants material coming from the dryer 
D>. 


Was dumped first on a fixed, sloping screen (scalping 
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screen) with openings which passed all acceptable sizes 
and which was arranged to by-pass all oversize material 
and thus avoid burdening the other screens. At some 
plants the material coming from the dryer or scalping 
screen was divided equally between two rotary screens 
of identical characteristics. Single screens varied from 
18 to 24 feet in length where 4 sizes of aggregate were 
required. The speed of screens varied from 6.3 to 10.3 
revolutions per minute and averaged approximately 8 
revolutions per minute. Diameters ranged from 5 to 6 
feet and the pitch from *; to 1% inches per foot. 

In general, a single screen 24 feet in length, 6 feet 
in diameter, with a pitch of % inch to the foot, and 
revolved 8 times per minute should produce 1,200 tons 
per 8-hour day. 

Screened material falls directly in storage bins and 
these should be large enough to offset irregularities in 
supply and demand. The bins should be equipped 
with openings for discharging material, should the sup- 
ply of a given size become excessive, and also for the 
removal of cold aggregate. The required bin capacity 


is closely linked with the accuracy with which the sizes 
of aggregate are fed to the cold-aggregate elevator. 
Mistakes in proportioning material in stockpiles soon 
become evident as trouble with bin supply. 








FEW DELAYS RESULT FROM BATCHER OPERATION 


In all cases the operation of withdrawing materials 
from bins in the proper amount for a batch, as deter- 
mined by weight, was accomplished well witnin the 
time required for mixing the previous batch. On some 
jobs the clogging of filler dust in chutes leading from 
the bin occasioned delay. Well-designed plants now 
have screw conveyors for supplying filler if it is used 


STUDY OF PUG MILL OPERATION INDICATES NEED FOR 
IMPROVEMENTS 


Discharge of material from the weighing box to the 
pug mill was done in a single operation at nearly all 
plants. In a few cases this practice coupled with large 
batches and a poorly designed pug mill resulted in the 
segregation of aggregate in the mix. As a corrective 
measure it was required in such cases that half a batch 
be weighed and dumped at a time. This requirement 
added considerably to the charging time and mixing 
cycle. The average charging rate on all projects was 
263 pounds of material per second and the half-batch 
charging method lowered this rate to 127 pounds per 
second. On jobs using a large batch with a single 
charge the rate was 520 pounds per second. Such a 
charging rate allows ample time for the accurate 
weighing of sizes during almost a complete mixing 
cycle. <A single charge is desirable to permit a short 
period of premixing of the entire dry batch before the 
asphalt is added. 

The mixer is the key unit in the plant set-up. Figure 
11 is a sketch of a typical twin-shaft pug mill mixer. 
The two shafts shown are of heavy steel and each 
mounts four groups of paddles set at 90° intervals. 
The faces of the paddles are set at 45° to the plane of 
rotation. The two shafts rotate at equal speeds so as 
to force the material inward. The paddles, when in a 
horizontal position, mesh as shown in the drawing. 

Some of the faults of mixers observed in the study 
are as follows: 

1. Dimension A (fig. 11) too large with respect to 
dimension C resulting in poor end-to-end distribution 
of material and confining mixing action primarily to 
planes of rotation. 

2. Facing of paddles arranged in a haphazard man- 
ner so as to set up uninterrupted paths of flow rather 
than intercepting paths of flow to cause intermingling. 

3. Dimensions D and E too small to permit rotation 
of paddles at speeds which have been found desirable 
for good mixing without forcing material over the sides 
of the box. 

4. Dimensions G and H of the discharge opening so 
small and the discharge rate so low that the paddles are 
adjusted to aid in discharge rather than set as a result of 
consideration of mixing requirements only. 

5. Speed of revolution too low to impart the neces- 
sary violence to the mixing action. 

6. Net volume of pug mill reduced too much by the 
volume of shafts, arms, and paddles. 

A satisfactory mixer is one which distributes each 


size of aggregate and the asphalt uniformly throughout | 


the mix. A better distribution of asphalt might be 
accomplished by changes in the method of introducing 
the asphalt in the mix. Studies indicate that where the 
asphalt is introduced at a single point it should be ad- 
mitted gradually. The greater the dispersion of the 


flow the greater the speed of flow which can be per- | 


mitted and still obtain uniform coating of aggregate. | either more or less than the specified time of 45 seconds 
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Figure 11.—Typicat Twin-SHavr PuGmMitt Mixer 
Chutes with diverging channels have been used to 
spread the asphalt over a large area of aggregate. 11 1s 
believed that improved results might be obtained by 
forcing the asphalt through pipes leading to a number 
of points in the mixing box. A piston could be arranged 
to supply the pressure with the piston adjusted so as 
to measure the correct amount of asphalt for a batch 

In general, the time required for asphalt distribution 
is greater than that required for aggregate distribution. 
It seems possible that practical methods of accelerating 
asphalt distribution can be developed and this should 
permit a reduced mixing cycle and increased pro«duc- 
tion. 

Wide variations in mixing time were found on prac- 
tically all of the projects studied. Figure 12 shows the 
results of the timing of over 280,000 mixing cycles 
The observations have been grouped at 5-second iter 
vals and the number of observations in each group 
plotted as a percentage of the total number of observa 
tions in the group. On a typical project in an Ea-term 
State more than 70 percent of the batches were mixed 
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Figure 12.—M1x1nG Times Grovupep aT 5-SECOND INTERVALS AND PLOTTED ON A PERCENTAGE BasIs. 
lhe typical western project shows a somewhat closer 


adherence to the 45-second mixing time. 
(he wide variation in the mixing time found on 





Is practically all projects indicates the need for a timing 
Y - device to control the mixing period. There is also need 
ro lor research to determine the efficiency of different 
( arrangements of mixers and the mixing time required 
Ss ie under any set of conditions. 
. _ lt has been definitely demonstrated that marked 
— Improvements in efficiency of mixing are possible. 
1 oe Representatives of the Bureau of Public Roads co- 
Ie ' operated with an asphalt plant manufacturer and a con- 
Id tractor to develop a pug mill of improved design. The 
¢- ordinary/design was altered by decreasing the length of 
mill and increasing the width and depth. The net 
C- Voluine was increased by reducing the size of paddle 
he and shaft connections. These changes permitted a 
's higher speed of paddle rotation. This machine made 
MT Possible the lowest mixing cycle yet observed and a 
up record breaking production with full adherence to 
ae specifications. A consistent charging time of 4 seconds 
mi : Was obtained (‘‘split’’ charging not necessary) as com- 
e¢ pared 


4 | with an average of 9.9 seconds on other work 


A large discharge opening was used through which a 
batch could be discharged in 3 or 4 seconds as compared 
with an average discharge time of 13 seconds. No 
change was made in actual mixing time. The mixing 
cycle was 51 seconds as compared with an average of 
61 seconds. 

A box for of mixed batches, commonly 
called the ‘‘gob box”’ is essential to allow for temporary 
differences in mixer production and hauling rate. If 
the size of batch is less than a truck load a storage box 
is the only means of avoiding a wait on every truck 
trip. In such cases delay is wholly unwarranted when 
so simple and inexpensive a remedy exists. 


storage 


FINISHING OPERATIONS ON SURFACE COURSE OFTEN LAG BEHIND 
PLANT PRODUCTION 

When mixed material is delivered on the road or 
street it may be handled by one of several methods. 
The spreading may be entirely by hand or almost en- 
tirely by machine methods. Spreader boxes for 
attachment to trucks have been devised which are very 
satisfactory in spreading full-width base and surface 
course and also the narrow strips on widened sections. 
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INITIAL SPREADING WITH 
SPREADER BoxXxEs 


FINAL SPREADING WITH 
FINISHING MACHINE, 


COMPACTION WITH DIFFEREN 
Tyeres or ROLLERS. 
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or upper courses the use of half-width spreader boxes 
of either the sled or roller type followed by a full width 
mechanical spreader is particularly recommended. 

Mechanical finishers have been used with results that 
are very satisfactory both in quantity of paving laid 
and in smoothness of the surface. Such machines have 
enabled the handling of a larger plant production than 
could well be handled by hand methods. Finishing 
machines have been used on standard widths up to 30 
feet and have been adapted to narrow strips 9 and 10 
feet wide. 

It occasionally happens that production is limited by 
finishing operations rather than plant mixing, and in 
such cases the finisher is the key unit. For example, 
on three projects with large capacity plants, a thin 
surface course required only 1,399 tons per mile or 
0.265 ton per lineal foot of road. The plant could 
supply material for surface course at a rate requiring a 
finishing speed of 9.46 feet per minute. This speed of 
finishing could not be consistently maintained and few 
machines have been observed capable of such a rate. 
In laying the thicker base course requiring 1,809 tons 
per mile a speed of 7.32 feet per minute was required. 
The machines on this job and most of those timed on 
other jobs were capable of this speed. It would have 
been possible to adjust the quantities of material for 
the two courses so as to maintain full plant production 
with a consistent gross speed of finishing of 8.25 feet per 
minute. In determining the relative thickness of 
courses the relation between probable plant production 
and finishing speed should be considered as a factor 
affecting cost. 

Finishing speeds as high as 12.9 feet per minute 
during periods of efficient operation were observed, but 
in only one instance was the finisher capable of main- 
tulning an average speed which matched the maximum 
produc tion of a large-capacity plant while laying thin 
aces. Reductions in average speed result from 
insufficient traction and time losses. Tractive losses 
vary with the number of drive wheels, type and con- 
dition of forms or form rails and height of material for 
some distance ahead of the screed. Time losses result 
fens derailments caused by spreading forms and narrow 
wheel flanges; faulty spreading of material ahead of 
the screed requiring backing to fill holes and delays in 
performing initial spreading. 

Tractive losses normally reduce the speed by 8 or 9 
percent, but losses of 30 percent have been observed 
under extreme conditions. Table 10 shows finishing 
macline speeds observed on several projects. 

Very satisfactory finishing machines have been built 


sur 


usin’ a special power unit, special gears, and with four- 
whe! drive. Such machines have kept pace with a 
plan’ production of 187 tons per hour where there was 
a favorable relation between thickness of base and top 
cou No great difficulty should be encountered in 
sprevding and finishing operations with a properly 
desic ied cross section and mix and properly mixed 
bat S 
STUD) INDICATES NEED FOR MORE EXACT DETERMINATION OF 
ROLLING REQUIREMENTS 

Ili purposes of rolling are to reduce the voids in the 
pave: ent and thereby increase the density and stability 
and »\so to produce surface smoothness necessary for 
ridin: omfort. In the western States the initial com- 


paction is generally done by longitudinal rolling with 
heel (macadam type) rollers weighing from 10 


three- 
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GENERAL VIEW OF A MODERN WELL-DESIGNED PLANT Set-Up. 
TABLE 10.—Speed of finishing machines on several projects 
Average Reduction in average 
Average speed with speed due to delays 
lob t peed dur- delays and and tractive losses 
) working tractive iho — 
time losses elim- 
inated Base Surface 
Feet per Feet per 
nut minute Percent Percent 
R 7 10. 40 16.3 = alee 
0) 7.95 ‘ 34.6 
5 04 6. 70 54.7 
& 00 9. 00 11.1 
@ 7. 25 9.70 20. 3 = — 
} 7. 22 te a 37.2 
00 11.80 57.6 
0. 32 12. 90 - 20.0 
A verage 6.84 9.99 17.6 40.8 
vheel d t 


to 14 tons and of the gas-engine type. This is followed 
by longitudinal, transverse, and diagonal rolling with 
tandem rollers weighing from 6 to 8 tons. Details of 
typical rollers are shown in table 11. 

As a basis of comparison of amount of rolling on base 
and surface courses on different projects a ‘‘rolling fac- 
tor”? has been derived. This is the product of wheel 
widths and distance traversed on a given section of 
pavement divided by the area of the section. Roughly, 
this factor represents the number of times each unit of 
area is traversed by a roller wheel. Table 12 shows the 
successive steps in rolling on two projects. 

On job A both the base and the surface course were 
given nearly twice the amount of rolling as on job B. 
Assuming a plant production which would require 4 
rollers with the rolling factor of job B, substitution of 
the rolling factor of job A would make 3 additional 
rollers necessary. These and other observations lead 
to the conclusion that either some surfaces are insuffi- 
ciently compacted or there is a waste doing more rolling © 
than is necessary on other surfaces. There is need for a 
more exact determination of rolling requirements. 


TaBLE 11. Dimensions and we ights of typical rollers 
' : Pounds per inch 
Wheel weight Wheel width 
pha seal of wheel width 
ype Weight ‘ital 
Front Rear Front Rear Front Rear 
Tons Pe na Pounds Inches Inches 
3-wheel. 12.1 6, 530 17, 620 40.8 40.8 160 430 
Do 11.1 6, 280 15, 880 40, 2 43.2 156 367 
randem 8. ¢ 5, 140 12, 110 0.4 50. 4 102 240 
Do S 70 11, 900 0. 4 50.4 103 236 
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TABLE 12.- 


Comparison of amount of rolling on two projects 





| ae ™ : 

Job | Course Roller type | Weight Operation — 
Tons 

Se 3-wheel_ _ C2) eae 5.2 

Tandem -_- 8.5 | Final ‘ 5.8 

.. J os ‘ ‘ 7 Se eS See 4 11.0 

Surface....| 3-wheel- - - 12.1 | Initial... - ; 12.4 

Do 11.1 | Longitudinal_. 3.5 

Tandem _ - 8.5 | Diagonal 6.0 

3-wheel : 11.1 | Longitudinal___- ? 3. 1 

Tandem _-_- 8.6  Transverse_- cee 3.8 

et Sn ‘ , 28.8 

| Base 3-wheel 12.0 Initia 3. 76 

Tandem 9.2 | Final_-_- he 2. 80 

Total_- p a : sd : aa 6.56 

Surface_.._| 3-wheel _ 12.0 | Initial : 7.33 

Tandem - -- 9.0 | Longitudinal 4.12 

Do 9.2 | Diagonal and transverse 1.28 

iin thiwitinedirs - 15.7 





ROLLING DONE AFTER PAVEMENT HAS COOLED THOUGHT TO BE 
INEFFECTIVE 
Time studies reveal that the average roller operates 
but 70 percent of working time with nonproductive 
delays as follows: 


Pe ree nt 

Waiting for material eee 6 
Operator idle___ = 6 
Take on fuel__-_ ; 11 
Mechanical _ _ __ 6 
Miscellaneous 1 
, Sore 30 


Wide ranges in roller speed were observed. Speeds 
of 1.2 to 1.4 miles per hour or 110 to 125 feet per minute 
appear to be satisfactory and do not result in excessive 
shoving. In general, higher speeds are used on the 
base than on the surface course. Typical rates observed 
were 2,833 square yards per hour on surface and 3,080 
on base. The number of rollers required on a project 
might be estimated as follows: 





Base Surface 


Plant production—lineal feet of road per hour - ‘ f 439 567 
Surface laid per hour (20-foot width), square yards_- - 975 1, 260 
Number of times rolled epee : ‘ 4.39 11.13 
Area to be rolled per hour, squé ire yards ; 4, 280 14, 030 
Square yards per hour per roller exclusive of time losses_- 3, ORO 2, 833 
Percentage of working time utilized icine 51.7 88.3 
Square yards per hour per roller neta for time losses_______- 1, 590 2 500 


RE I Eee 3 6 





Here again the difference in thickness of base and 
surface course leads to an increase in the equipment 
required to keep pace with maximum production. In 
this case the thicknesses might have been adjusted so 
that 4 rollers would have been adequate for the project 
instead of 6. 

Observations of volume reduction resulting from roll- 
ing were made on selected sections of project A (table 
12). Measurements of thickness before and after 
rolling are based on level readings taken at 1-foot 
intervals on transverse pavement sections. On given 
days observations were confined to a particular course 
and measurements taken on 15 or 20 transverse sections. 
The results are shown in table 13. Each figure in the 
table is the average of observations at over 200 points. 

These data show that the reduction of volume of the 
surface course was somewhat less than that of the base 
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course, although the top course received twice as much | 


rolling as the base. The variation from the average 
was much greater for the surface course than for the 
base. The base and leveling courses were of identical 
mix and the average reductions in volume are identical. 
The surface was composed of a quite different mix and 
showed different characteristics under rolling. Varia- 
tions in the temperature of the material as delivered 
possibly affected the results. 

TABLE 13.—Reduction in thickness of base and surface courses due 

lo rolling 


Course Loose Compacted | Reduction 
ourse 
thickness thickness | in volume 
Base Inches Inches Percent 
First day 3.77 2.77 26. 5 
Second day 4. O65 3.81 23. 2 
Third day 3. 63 2. 62 27.8 
Average... 4.12 3. 07 2. 
Leveling 
First day--_. 2. 55 1.75 2s 
Second day 2. 42 1.85 23 
rhird day 2. 6S 2. 02 24. ¢ 
Average ' 2. 52 ). 87 2 
Surface 
First day 2. 44 2.01 ] 
Second day ; 2. 36 1. 70 28 
Third day 1. 78 1. 26 Pal 
Fourth day 2. 69 2.12 2 
Average ». 32 1.77 


These facts suggested the existence of inherent 
qualities in the mix affecting the uniformity of volume 
reduction and led to a series of investigations of the 
effect of rolling. Batches of various proportions wer 
prepared, spread on the road surface, and subjected to 
various amounts of rolling with rollers of different 
weights. The general indication resulting from these 
tests is that the voids in the mixture are reduced to a 
minimum value early in the rolling process. On jobs 
using a light roller on sheet asphalt the point at which 
there appeared to be no further void reduction or in 
crease in stability was reached after 8 to 12 rollings 
depending upon the composition of the mix. 

In the rolling tests of asphaltic concrete mixture: 
determinations of the density of samples cut from the 
rolled pavement were made and compared with the 
theoretical maximum density (no voids) as computed 
from the quantities and specific gravities of the con- 
stituent materials. These data were determined frou 
analysis of samples. 

The results of the tests indicate that in general 
the weight of the roller and the number of rollings above 
an essential minimum has less effect on the density 
attained than does the gradation cf the aggregate. 

It is believed that rolling to produce compaction 
should be done entirely in a longitudina! direction and 
that rolling to produce surface smoothness should 
follow immediately in transverse and longitudinal 
directions. The entire rolling should be completed 
before a considerable drop in temperature has taken 
place and curved or diagonal rolling should be avoided 
because of the detrimental effect on smoothness. ‘The 
data shown in the table 14 are typical of the rate at 
which cooling may take place. The heaviest rol! 
were used in the first stages of rolling and those of lighte1 
weight were used in the finishing operations which took 
place about 3 hours after spreading and with the mix- 
ture approaching normal temperature. There is ¢ n- 


siderable reason for believing that the last stages 0! 
rolling produced practically no effect on the pavement 
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The spreading and rolling operations are conducted 
so as to produce smoothness and riding comfort. The 
test for smoothness is usually made with a 10-foot 
straightedge. However, with cars traveling 40 miles 
per hour or 59 feet per second a surface which meets the 
requirement as to smoothness within 10 feet may have 
variations over greater distances which will produce 
riding discomfort. The regularity of the surface left 
by the finishing machine is entirely dependent on the 
vertical alinement of the side forms and the firmness 
of their support. It is therefore important that the 
forms be set conforming to the proper vertical aline- 
ment and be supported so as not to deflect under the 
weight of the finishing machine. 


TABLE 14 Elapsed time in rolling operations and corresponding 
drop in temperature of pavement 
remperature droy 
I 
peration 
Fro l 
I } VV 
spreading 2M 275 
Finishing 27 245 
First rolling 24 216 
Second rolling 216 174 
rhird rolling 174 170 


Fourth rolling 17 
Fifth rolli ng 
Sixth rolli i ie 
S ihr lit ig 12 


COSTS OF LABOR, EQUIPMENT, AND MATERIALS DERIVED 

The preceding discussion has dealt with relative 
amounts of output under various conditions. It 
remains to discuss the actual unit costs under these 
conditions and to determine the actual savings which 
may be effected by practices which have been advocated 

These costs will be developed under the three main 
heads of supervision and labor, equipment, and mate- 
rials. These items are common to all projects and a 
few miscellaneous items not common to the general run 
of projects have been omitted from consideration. 

The supervision and labor costs are segregated in 
tuble 15. The main headings of the table cover the 
following items: 

|. ‘Supervision and general”’ includes cost of super- 
intendents, foremen, and labor in connection with 
supply trucks and other automotive equipment with 
the exception of trucks hauling mixed material. 

“Handling material at plant’? includes cost of 
labor in connection with the siding, crane, 
facilities, dryer, and boiler. 

‘Mixing and loading”’ includes cost of labor in 
connection with weighing, mixing, elevators, filler 
storage, and storage of mixed batches. 

‘Hauling” includes cost of labor in connection 
with hauling mixed batches. 

‘Placing and finishing”’ includes cost of labor in 

nection with those operations following delivery of 
mixed material on the road or street. 
\nder each of these items there are shown the number 
men ordinarily employed, the number of man-hours 
for the job, the average wage per hour, and the average 
cost of labor per ton of mixed material. 

‘he hours of labor and payments to labor include 
those arising during working time and also 


storage 


CoO 


ol 


those 


resilting from the maintenance of a skeleton organiza- 
tion on full day periods when the plant is not operating. 

able 16 is an analysis of equipment costs under the 
san 


e general heads as used for labor in table 15. 
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qualification of these heads as applied to labor apply 
also to the equipment costs. The costs include such 
items as fuel, materials than for mix), storage, 
interest, insurance, taxes, repairs and depreciation. 
The item of depreciation includes that taking place 
during actual time of operation and also the deprecia- 
tion oceurring during periods when not in operation. 
An estimate was made for each unit of equipment 
according to a method which was applied uniformly 
on all projects. 

The cost of materials at the various plants as shown 
in table 17 is not the true cost but a fictitious value 
based on the assumption that each plant paid $1.20 
per ton for crushed rock, $1 per ton for sand, $16 per 
ton for asphaltic cement and $6 per ton for filler, all 
delivered on the job. This procedure was adopted so 
that the costs would reflect the effect of variations in 
specifications and construction practices. The above 
prices are approximately the averages of the prices 
prevailing on the projects studied. Combined aggre- 
gates were delivered on many projects and in such 
cases the proportions to be classed as coarse aggregate 
and sand were determined and the assumed costs were 
— to these proportions. The average cost of 

taterials per ton of mix is $2.27 of which 33.1 percent 
is for crushed rock, 16.2 percent for sand, 41.5 percent 
for asphalt, and 9.2 percent for filler. 

The costs of labor, equipment, and materials involved 
in a ton of mixed material on each project are shown in 
table 18 which also shows these items on a percentage 
basis. The cost per ton of paving mixtures ranges from 
$2.71 to $6.16. The unweighted average cost for all 
projects is $3.80 per ton and the weighted average is 
$3.25 per ton, reflecting the lower costs obtained on the 
large r projects. Figure 13 shows graphically the average 
costs of each item involved in placing a ton of mixed 
material in the road surface and also the average cost 
per ton of material for base and surface course. 


other 


AVOIDABLE DELAYS LARGE IN COST 


The costs of labor and equipment are almost equal 
and together they produce approximately 40 percent of 
the total cost. Elimination of time losses effects a 
direct saving in labor costs and also tends to reduce 
equipment costs but does not necessarily reduce the 
amount of equipment required. It should not be 
assumed that greater efficiency will adversely affect the 
employment of labor. There will be a decrease in the 
hours of labor per mile of road but the decreased costs 
will permit the construction of a greater total mileage 
and cause an increase in the production and transporta- 
tions of materials and machinery. 

Table 19 shows the amount and cost of avoidable 
delay for all projects combined by causes and includes 
both major and minor delays. Table 20 shows the 
amount and cost of such delays on each project. This 
dissipation of potential profit on all projects amounts 
to nearly 8 percent of the cost of the projects. On one 
project delays arising from a shortage of hauling equip- 
ment resulted in losses equal to the cost of two 5-ton 
trucks. In another case bin delays caused a loss of 
$6,000 when half of this amount would have provided 
facilities which would have completely eliminated this 
delay. Losses from insufficient dryer capacity have 
been found large enough to supply a battery of dryers. 
A contractor purchased a new asphalt pump to replace 
one causing delay and within a week the savings had 
offset the cost of the pump. These are typical examples 
of conditions found on many projects. 








‘ intervals on transverse pavement sections. 
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TaBLE 12.—Comparison of amount of rolling on two projects 


Job | Course 


Roller type | Weight Operation — 
Tons 

ctu Base. .-- 3-wheel. _ 11.1 | Initial..-- sichmaied 5. 2 
Tandem - - 8.5 | Final-- fe 5.8 

. Weeel. ..i.<.. ia APEC CE ea bees E 11.0 

| 

Surface....| 3-wheel 12.1 | Initial. ._- ; 12.4 

| Do 11.1 | Longitudinal_- 3.5 

Tandem 8.5 Diagonal ‘ 6.0 

3-wheel ; 11.1 | Longitudinal. : 3. 1 

Tandem H 8.6 Transverse a 8 

: a ; -# 28.8 

| ere Base 3-wheel 12.0 | Initia: 3. 76 
Tandem 9.2 | Final js 2. 80 

Total. ee “eS - - 6. 56 

Surface _- 3-wheel _ _ __- 12.0 | Initial 7.33 
Tandem _ - 9.0 | Longitudinal 4.12 
Do 9.2 | Diagonal and transverse 4.28 
2 : 15. 73 


ROLLING DONE AFTER PAVEMENT HAS COOLED THOUGHT TO BE 
INEFFECTIVE 


Time studies reveal that the average roller operates 


but 70 percent of working time with nonproductive , 


delays as follows: 


Percen 

Waiting for material ; we eee 6 
Operator idle___- : 6 
Take on fuel__ ; 11 
Mechanical_ _ __ 6 
Miscellaneous 1 
.. | ares Oe 30 


Wide ranges in roller speed were observed. Speeds 
of 1.2 to 1.4 miles per hour or 110 to 125 feet per minute 
appear to be satisfactory and do not result in excessive 
shoving. In general, higher speeds are used on the 
base than on the surface course. Typical rates observed 


were 2,833 square yards per hour on surface and 3,080 
on base. The number of rollers required on a project 


might be estimated as follows: 





Base Surface 


Plant production—lineal feet of road per hour ; : ‘ 439 567 
Surface laid per hour (20-foot width), square ye... . 975 1, 260 
Number of times rolled - -- cone : 4.39 11.13 
Area to be rolled per hour, square yards 4, 280 14, 080 
Square yards per hour per roller exclusive of time losses_- 3, O80 2, 833 
Percentage of working time utilized = oe 51.7 88.3 
Square yards per hour per roller allowing for time losses -_ -__----- 1, 590 2, 500 


Number of rollers required ---_--....-.-..------ ae ee 3 6 





Here again the difference in thickness of base and 
surface course leads to an increase in the equipment 
required to keep pace with maximum production. In 
this case the thicknesses might have been adjusted so 
that 4 rollers would have been adequate for the project 
instead of 6. 


Observations of volume reduction resulting from roll- | 
ing were made on selected sections of project A (table 


12). Measurements of thickness before and after 
rolling are based on level readings taken at 1-foot 
On given 
days observations were confined to a particular course 
and measurements taken on 15 or 20 transverse sections. 
The results are shown in table 13. Each figure in the 
table is the average of observations at over 200 points. 

These data show that the reduction of volume of the 


surface course was somewhat less than that of the base | 


course, although the top course received twice as much 


rolling as the base. The variation from the average 
was much greater for the surface course than for the 
base. The base and leveling courses were of identical 
mix and the average reductions in volume are identical. 
The surface was composed of a quite different mix and 
showed different characteristics under rolling. Varia- 
tions in the temperature of the material as delivered 
possibly affected the results. 

TABLE 13.—Reduction in thickness of base and surface courses due 

to rolling 


. Loose Compacted Reduction 
Course , 
thickness thickness | in volume 


Base Inches Inches Per f 
First day 3. 77 2.77 26 
Second day 4. 06) 3. S81 23.2 
Third day 3. 63 2. 62 27.8 

Average... &. 12 3. 07 9 

Leveling 
First day_ -_. 2. 55 1.75 8 
Second day 2. 42 1.85 23 
rhird day 2. 6S 2.02 24. ¢ 

Average... 2. 52 1.87 2 

Surface 
First day 2.44 2.01 7 
Second day ; 2. 36 1.70 2S 
Third day 1. 78 1. 26 20 
Fourth day 2. 69 2.12 2 

Average 


These facts suggested the existence of inherent 
qualities in the mix affecting the uniformity of volum« 
reduction and led to a series of investigations of th 
effect of rolling. Batches of various proportions wer 
prepared, spread on the road surface, and subjected to 

various amounts of rolling with rollers of different 
weights. The general indication resulting from these 
tests is that the voids in the mixture are reduced to a 
minimum value early in the rolling process. On jobs 
using a light roller = sheet asphalt the point at which 
there appeared to be no further void reduction or in- 
crease in stability was reached after 8 to 12 rollings 
depending upon the composition of the mix. 

In the rolling tests of asphaltic concrete mixtures 
determinations of the density of samples cut from the 
rolled pavement were made and compared with the 
theoretical maximum density (no voids) as computed 
from the quantities and specific gravities of the con- 
stituent materials. These data were determined fro: 
analysis of samples. 

The results of the tests indicate that in genera! 
the weight of the roller and the number of rollings above 
an essential minimum has less effect on the density 
attained than does the gradation of the aggregate. 

It is believed that rolling to oroduce compaction 
should be done entirely in a longitudinai direction and 
that rolling to produce surface smoothness should 


follow immediately in transverse and longitudinal 
directions. The entire rolling should be completed 


before a considerable drop in temperature has taken 
place and curved or diagonal rolling should be avoided 
because of the detrimental effect on smoothness. The 
data shown in the table 14 are typical of the rate at 
which cooling may take place. The heaviest rollers 
were used in the first stages of rolling and those of ligh'e! 
weight were used in the finishing operations which took 
place about 3 hours after spreading and with the mix- 
ture approaching normal temperature. There is ¢on- 


siderable reason for believing that the last stages of 
rolling produced practically no effect on the pavement 
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The spreading and rolling operations are conducted 
so as to produce smoothness and riding comfort. The 
test for smoothness is usually made with a 10-foot 
straightedge. However, with cars traveling 40 miles 
per hour or 59 feet per second a surface whic h meets the 
requirement as to smoothness within 10 feet may have 

variations over greater distances which will produce 
riding discomfort. The regularity of the surface left 
by the finishing machine is entirely dependent on the 
vertical alinement of the side forms and the firmness 
of their support. It is therefore important that the 
forms be set conforming to the proper vertical aline- 
ment and be supported so as not to deflect under the 
weight of the finishing machine. 


raBLeE 14 Elapsed fume in rolling Ope rations and co ondindg 
di op in temperature of pavement 
remperature dri 
Operatior Elapse 
Fro I 
I } \/ 
Spreading 2H 275 
Finishing 275 245 
First rolling 245 216 
Second rolling 216 174 
rhird rolling 174 170 
Fourth rolling 170 161 
Fifth rolling 161 158 
Sixth rolling 158 120 
Seventh rolling 120 128 


COSTS OF LABOR, EQUIPMENT, AND MATERIALS DERIVED 

The preceding discussion has dealt with relative 
amounts of output under various conditions. It 
remains to discuss the actual unit costs under these 
conditions and to determine the actual savings which 
may be effected by practices which have been advocated 

These costs will be developed under the three main 
heads of supervision and labor, equipment, and mate- 
rials. These items are common to all projects and a 
few miscellaneous items not common to the general run 
of projects have been omitted from consideration. 

The supervision and labor costs are segregated in 
tuble 15. The main headings of the table cover the 
following items: 

|. “Supervision and general” includes cost of super- 
intendents, foremen, and labor in connection with 

supply trucks and other automotive equipment with 
the exception of trucks hauling mixe vd material. 

“Handling material at plant” includes cost of 
ise in connection with the siding, crane, storage 
facilities, dryer, and boiler. 

‘Mixing and: loading” includes cost of labor in 
connection with weighing, mixing, elevators, filler 
storage, and storage of mixed batches. 

‘Hauling’ includes cost of labor in connection 
with hauling mixed batches. 

». ‘Placing and finishing”’ includes cost of labor in 
nection with those operations following delivery of 
mixed material on the road or street. 
\nder each of these items there are shown the number 
inen ordinarily employed, the number of man-hours 
for the job, the average wage per hour, and the average 
cost of labor per ton of mixed material. 
“he hours of labor and payments to labor include 
those arising during working time and also those 
resulting from the maintenance of a skeleton organiza- 
Gon on full day periods when the plant is not operating. 
ble 16 is an analysis of equipment costs under the 
Same general heads as used for labor in table 15. The 
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qualification of these heads 
also to the equipment costs. 
items as fuel, materials (other than for mix), storage, 
interest, insurance, taxes, repairs and depreciation. 
The item of depreciation includes that taking place 
during actual time of operation and also the deprecia- 
tion occurring during periods when not in operation. 
An estimate was made for each unit of equipment 
according to a method which was applied uniformly 
on all projects. 

The cost of materials at the various plants as shown 
in table 17 is not the true cost but a fictitious value 
based on the assumption that each plant paid $1.20 
per ton for crushed rock, $1 per ton for sand, $16 per 
ton for asphaltic cement and $6 per ton for filler, all 
delivered on the job. This procedure was adopted so 
that the costs would reflect the effect of variations in 
specifications and construction practices. The above 
prices are approximately the averages of the prices 
prevailing on the projects studied. Combined aggre- 
gates were delivered on many projects and in such 
cases the proportions to be classed as coarse aggregate 
and sand were determined and the assumed costs were 
applied to these proportions. The average cost of 
materials per ton of mix is $2.27 of which 33.1 percent 
is for crushed rock, 16.2 percent for sand, 41.5 percent 
for asphalt, and 9.2 percent for filler. 

The costs of labor, equipment, and materials involved 
in a ton of mixed material on each project are shown in 
table 18 which also shows these items on a percentage 
basis. The cost per ton of paving mixtures ranges from 
$2.71 to $6.16. The unweighted average cost for all 
projects is $3.80 per ton and the weighted average is 
$3.25 per ton, reflecting the lower costs obtained on the 
large r projects. Figure 13 shows graphically the average 
costs of each item involved in placing a ton of mixed 
material in the road surface and also the average cost 
per ton of material for base and surface course. 


as applied to labor apply 
The costs include such 


AVOIDABLE DELAYS LARGE IN COST 


The costs of labor and equipment are almost equal 
and together they produce approximately 40 percent of 
the total cost. Elimination of time losses effects a 
direct saving in labor costs and also tends to reduce 
equipment costs but does not necessarily reduce the 
amount of equipment required. It should not be 
assumed that greater efficiency will adversely affect the 
employment of labor. There will be a decrease in the 
hours of labor per mile of road but the decreased costs 
will permit the construction of a greater total mileage 
and cause an increase in the production and transporta- 
tions of materials and machinery. 

Table 19 shows the amount and cost of avoidable 
delay for all projects combined by causes and includes 
both major and minor delays. Table 20 shows the 
amount and cost of such delays on each project. This 
dissipation of potenti: al profit on all projects amounts 
to nearly 8 percent of the cost of the projects. On one 
project delays arising from a shortage of hauling equip- 
ment resulted in losses equal to the cost of two 5-ton 
trucks. In another case bin delays caused a loss of 
$6,000 when half of this amount would have provided 
facilities which would have completely eliminated this 
delay. Losses from insufficient dryer capacity have 
been found large enough to supply a battery of dryers. 
A contractor purchased a new asphalt pump to replace 
one causing delay and within a week the savings had 
offset the cost of the pump. These are typical examples 
of conditions found on many projects. 
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TABLE 15.—Supervision and labor requirements and costs according to type 





Supervision and general 





to Aver- Aver- B : Aver Aver a nap | aver Aver 
Project no. age Total Total age M an- L abe r ize Potal Potal ive M se net ' f Total Total we M ou 
num-| man- | cost of | wage | tOUFS (Cost 7 nuim-| mMan- | cost of | wage | BOUTS cost | an- | cost of | wage | NOUS Cost per 
ber of | hours | labor Bd eel urs | labor pel gph Tin f hou labor | per phe x ; 
men hour | & 2% aun ne hour — : mm hour ; 
ee 7 &0, 82 0. 1¢ $9. 13 50 | &] > | $0 % 85 | $1,716 | $0. 6¢ ) < 1 
 - 9 7s 21 lf O19 2, 702 600 2, 124 ’ s 
3 S 57 53 30) 54 18 S 205 i4 42 2 0 
Driiniinsdaventenepuucin 6 4 2¢ 14 tl 62 4 HO4 int 20 04 
5. 5 95 ON 07 3, S46 2 48 { 4 214 64 ( 
6... y . 49 At) 20 351 200) 2 i7 “”) 0 ; 
7 6 49 21 i) 822 40 } t 004 635 s2 
s 2 . 92 12 1] 5 4() i 22 609 264 43 i Ot 
9 Q SS 12 ll 766 920 S Sv4 1, 205 71 is Of 
10_. 5 54 9 37 TSS {N7 9 9 s 2 38 15 30 5 
i... 5 64 21 13 ' 868 2, 386 { 2 1, 402 13 s 07 
= 10 75 22 17 S 2, 528 1, 405 } ‘ 4 444 1, 079 75 s it 
13. 9 75 77 5S s Sit 369 \ { 510 292 57 2 
| aes i fn 6 S4 1. OF RY R7é a0 t 2 209 57 l 
15 5 . 54 25 l S 1, 222 351 2 ¢ 229 3] 4 
16_. 4 1. 03 a 2, 250 1, 358 4) ) ”) 1, 031 6u " O4 
less 6 73 24 Is 2, 537 1,31 2 914 7) ’ 
18. 11 1. 16 ll 12 1, 448 1, 190 82 04 ( 1, 220 1, 586 83 ' O4 
19_. l 77 16 12 4, 0O7 2, 260 is ( 2 A565 1, 770 60 ) (4 
.. 6 1. 04 .19 1) 1s 1, 007 68 ) or 1, 48 1, 007 OS ‘ 06 
21. 7 . 89 - 10 t S&, 180 1, 488 2 2, 6H 1,834 69 7 ne 
22 14 1.19 12 14 s 74 1, 50F s 06 ( f 1, 250 78 4 
3 14 1.14 ll 12 s 11s 1, 754 s ( 4 ¥I2 1, 483 7s 4 
Total or average. .| 8 | $1,564 | 65, 925 81 17 14 S 58,511 | 30,310 2 2 41.383 23, 867 Ss 
| 
Hauling Placing and finishing rotals 
Aver- A ver- Aver Aver Aver Aver 
Project no. age Total Total age Man- Labor are i] Total we \Man- Labor _~ Total Total age M ul I abor 
num-| man- cost of | wage hours cost per nun ul cost of | wa sours st per num mar cost of | wage | “Ours | per 
ber of| hours — lab yer | Per ton) ton of | hor of labor | p per ton} ton of | her of | hours | labo er = Per ton. ton of 
er O 10ur abor per : r 1 ibor per f hour labor per «i 
men hour | °f mix | mix me! he ; . ; me! hour | 0 7% 
ae ee 10 5,170 | $3,877 | 30.75 0. 20 $0. 15 250 $5,498 | $0.59 0. 3¢ o. 2 19 | 23,578 $15,970 | $0.68 0. 92 $0. #2 
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12 secede 6 2, 166 1, 62 12 Os s 056 3, 974 f 32 rT 6, 202 70 87 r 
a es ll 1, 122 696 62 47 29 a3s OS) s j 6, 234 60 2 60 
14 6 438 219 0) 27 l OYS 561 t 4, 07 62 2.7 
15 ll 2.013 604 30 2 lf 745 RAN 2 44 } 8, 235 ; | j 
16 = } 1, 875 1, 650 RR 07 OF 4 026 3, OSS fl 20 738 75 j 4 
17 11 3,465 | 2.079 . 60 13 oF { +410 2 630 60 { { 13. 952 60 7] 
18. 8 3, O72 2, 703 88 Os 07 9 Ss. 448 6, 805 8 19. 216 ”) 4s { 
eae ae ll 643 4, 232 7 12 09 137 5, 907 f ) 29, 389 69 rd) 
20. i 6 1, 782 1, 336 7 10 07 S61 2 382 62 2 11, 959 77 6s 
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Total or average 8 | 64,855 | 41, 186 63 14 09 ‘ 876 | 76, 264 t 29 f 47 |382, 189 |237, 552 62 8 





PRODUCTIVE ABILITY OF PLANT CONSPICUOUSIN AFFECTING COSTS 


Figure 14 shows graphically the effect of length of 
mixing cycle, size of batch, efficiency, and productive 
ability of plant on the hours of labor per ton of mixed 
material (left column of fig. 14) and also the effect of 
these factors on the cost of labor and materials per ton 
of mixed material (right column of fig. 14). In these 
graphs each plotted point represents the data obtained 
on a single project and a line has been drawn to repre- 
sent the trend as nearly as it can be estimated. The 
effect of length of cycle and efficiency on the amount of 
labor and cost of labor and equipment is not clearly 
marked since other factors affect the position of the 
plotted points. ‘‘Tons per batch” show a much 
clearer relationship and the effect of productive abilit: 
on hours of labor and cost stands out significantly. 

The graph on the lower right of figure 14 shows the 
effect of productive ability on cost of labor and equip- 
ment combined. The same data with labor and equip- 
ment compared separately are shown in figure 15. 


Handling materials at pl 





of operation on each of 23 projects 


Mixing and loadin 








CONSIDERATION SHOULD BE GIVEN TO COSTS OF MATERIALS IN 
DESIGNING MIXES 


Up to this point the discussion has dealt mainly with 
costs of labor and equipment which constituted 40.3 
percent of the total cost. Eliminatior. of all avoidable 
delays would have reduced the cost of labor and equip- 
ment by 21.7 percent, making them 34.5 percent of the 
total cost. Such efficiency is within the reach of th 
average contractor who will then have 65.5 percent 
of the total cost involved in materials. Under highly 
efficient management they may be much higher sinc 
on the most efficient project studied labor and equip 
ment costs were 46 percent below the average. It 1 
evident that a discussion of economy in construction 0 
mixed bituminous pavements must take into considera 
tion the relative quantities and costs of the materials 

Use of local materials sometimes offers the oppo! 
tunity to make savings in their cost and in their trans 
portation. There has been some tendency towar 
adopting this practice where conditions are favorabl 
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Equipment 








Supervision and Handling mat 
general at plant 
Project number 
Cost per 
Potal ton of Total 
m 
z 70 SO. O $2 47 
600 OF > Se) 
218 O4 23 
{ 20 Oo 1, 42¢ 
», 445 06 220 
756 ay 159 
145 Ol 601 
s 200 O4 523 
ss4 O2 O42 
57 0 165 
— is Ou 
5 03 1, 726 
2 175 
24 OO 728 
0 02 2, 036 
14 00 5R3 
~ 270 Ol , S16 
2, 732 Of 3, OS4 
sO O02 ve 
107 Ol 4, 906 
O17 03 1, 450 
4139 0 1. 698 
We ted erage 03 
LU nweighte iverace Ot 
BLE 14 Quantities of materials used and cost compute don ! 
if an assumed un ifor m cost for each item on all projects 
Rock Sand |ASPhaltic Finer All ara a 
cemen terial Sl 
Tons Tons Tons Tons Tons 
6, 779 345 H43 25, 752 doe v > 
&, 467 1, 280 690 28, S31 160 
2, 818 170 S75 5, 599 4.91 9 
7, 798 57 73 10, 705 28, 201 
4, 070 1,810 1,97 38, 52t SO, 676 2 
6, Ol 772 368 &, 8O7 22, 460 2 
9, 399 1, 206 655 12, 918 4, 61 s 
} 4, 138 4358 $31 4, 460 12, 795 ‘ 
15, 527 918 1. 063 7S 23, OR6 45, 027 ” 
737 4,534 548 25 6, 144 16, 137 
693 13, 91 1, 051 0 18, 658 5. 162 ss 
», 221 058 920 641 18, 840 38, 289 
S28 1. 204 201 “0 2, 393 6, 374 
567 S24 137 110 1, 635 4, 356 2 
132 4,497 248 6, 198 15, 439 2.4 
16, 632 6, 045 ] 790 25, 496 50, OOS 1. 
3, 145 3, 734 d 696 8, 148 20, 852 2. ot 
*}, OSS 10, 111 2,016 vyl 40, 103 SO, 695 2 
1, 705 13, 454 2, 441 1, 350 48, 950 9&8, 656 2 
1, 152 4,878 S45 OS1 17, 754 35, 834 2. O4 
26, 804 9, 913 1, 969 yay 39, 685 79, 576 2. Of 
22, 679 8, 574 1, 592 911 33, 756 66, 726 ss 
29,145 11, 243 2,138 1, 030 43, 556 86, 605 ”7 
On two recent projects in the Western States four sizes 


of aggregate were produced from local deposits with 
excellent results. In each case a semiportable aggre- 
g plant of considerable size was installed and the 
put was sufficient to care for the maximum pro- 
duction of the mixing plant. 

e specification requirements as to composition of 
the mx produce considerable variation in the costs of 
tiiternal per ton of mix. Table 21 shows the compo- 


ition of the mix on five typical projects in different 


secuions of the country and the corresponding costs of 
materials. For purposes of comparison the no. 10 
sleve is taken as the dividing line between sand and 


ro 
th: 
LO 


per 


All percentages are computed on the assumption 
the dry weight of aggregate and filler constitute 
percent and the amount of asphalt is expressed as a 
ntage of this weight. 


, equipment, and 


49 





materials 





r Zs projects 
Percent of tot il cost 
Su per- 
rot ision |Equip- Mate- 
; ind ment rials 
labor 
Percent\|Percent Percent 
$3, 28 18.9 18.9 62. 2 
3. 31 17.8 24. 5 57.7 
4.84 21.3 23.8 54.9 
4. 26 14.6 23.7 61.7 
, o> 12.3 0. 1 67. ¢ 
4.17 7 21.4 61.1 
3.72 11.8 16.2 72.0 
4. 28 15.2 17.8 67.0 
2. 91 16. 1 16. 5 v4 
5.17 20.9 72 0.9 
24 22. 5 19. 0». 0 
3. 27 18.4 19.6 62.0 
6.15 25. 2 31.6 43.2 
6. 1€ 27.8 29. 0 43.2 
89 12.1 3.9 64.0 
3. 18 12.6 25.8 61. € 
4. 46 23. 1 19.5 57.4 
2? 900 14.8 15.9 69.3 
3. 11 13. 5 21.6 64.9 
3.4 15, 1 25. 6 59. 3 
3.11 15.1 20. 6 64.3 
2.70 13.0 15. 5 71 
2. 71 11.8 14.8 73.4 
3. 80 17.9 22. 4 59. 7 


»sts on each of 23 project 
Mixing and I Lit Plac 
( ¢ { “ 
f I 
$4. 420 ei z ¢ $2. 3230 
ooo 661 
iY 260 
sZy 4 } 2 
202 } , 2 605 
24 { 197 
7 545 
t S { 4a] 
( { 791 
2, 610 { 233 
2 » Hs 
; 2 2 456 
s { &3 
5 HSL 
4 } 9 1s 845 
160 { . 184 
204 84 
7 { x 1,97 
R4 4, 935 
4, 367 47% 192 
092 % . 671 
4,669 } 1 
‘ +: 
TABLE 18 ( ) tho 
rie f nmeach o 
Proje : Mate 
é $0.62 $2.04 
> HF 
g 2 2.09 
> 2 BF 
f 2 68 
s 2 aT 
) 48 Y, 
1. SS 
? 4 4 2. 03 
3 4 2. 6¢ 
} 79 2. 6F 
j ) 2 49 
lf 4 R2 OF 
— om 2 5 
S 4 2.{ 
iv 67 2. 02 
21 64 2. 00 
2? 1. OS 
( 19 
Unweighted average Hs 85 2. 27 
Weighted average 65 2. 09 
TABLE 19.—Cost lal elays on 
‘ Cost of 
v le 
Cause of dela r r avoidable 
i€ = ay < 
uela 
Hauling equipment operatior 44. ( $1, 549 
Bins empty or overflowing 
Handling material at plant 108. € 3, 823 
Lack of material at plant 49. 5 2¢ 
Operative at plant 
Moving at street 8 2, 827 
Miscellaneous 73.9 2, 602 
Lack of subgrade 75. 2 2, 647 
Heating material at plant 47.7 1, 680 
Late start, management 45.9 1, 6l¢ 
Handling asphaltic cement ar 
fuel 
Finishing 
Mechanical at street ¢ 1, 113 
Mechanical at plant 7 250 
Total - 663.8 23, 370 





all projects by CAUSES 


Cost of 





abl : Cos { 
Avoidable avoidable oO t of all 
minor avoidable 
delay minor dalev 
. del iV E 
Hours 
613. 5 $37 $38, 757 
638 38, 725 
83. 4 & 88) 
5, 263 
146. 2 8, 866 8, 866 
2, 827 
1.8 109 , 711 
?, 647 
1, 680 
1, 6l¢ 
45.3 2, 747 
44.4 2, 692 
1, 573. 1 





95, 405. 
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TABLE 20. Cost of avoidable delays by projects 


Cost of Cost of 
labor and Avoid-| Costof laborand Avoid- Cost of . 
Projec equip- able avoidable equip- able |avoidable ‘ ° of all 
roject no. | ment per | major major |ment per minor minor — lable 
available | delay delay working delay delay _— 
hour hour 
Hours Tlours 
] = ia $53. 20 10. 1 $537 $60. 80 120.9 $7, 351 S7, SSS 
2 = ‘i 55. 60 6.5 361 67. 00 178. 7 11, 973 2 334 
3 a - 28. 00 2. 0 Ta] 47.00 32 ¢ 1, 582 SS 
C—O 34. SO 13.7 477 70. 00 47.5 3, 325 S02 
66. 00 20.6 1, 389 8. 00 38 4, 106 5, 58 
-* < 17. 50 100. 5 1, 759 31. 60 63.4 2 O03 762 
a | 25. 60 48.0 1, 229 6. 50 133. 0 1, 854 Og 
Ss fs 22. 80 44.8 1, O21 *. 10 SOHN 2, 2 ISH 
_ eee 68. 20 10.7 730 69. 70 79.0 5, 5O€ 6, 236 
a | 16.30 | 109.2 1, 780 34. 90 64.8 2. 262 042 
ll. = 32. 50 41.3 1, 342 37. 00 S68. 6 5 204 1546 
12 i 51.10 43.6 2, 228 8. 60 71.4 +, IS4 $12 
13 29. 10 1.5 44 81. 60 23. 4 1. 909 " 
14 17. 30 2.0 3 78. 10 12.5 ave 1 
15 , 4 25. 90 26. 9 697 43. 80 61.1 2. 676 373 
16 $4. 50 49.3 1, 701 78.70 93.7 7, 374 O75 
17 46. 70 6.2 200 48. 00 s8, 2 » 794 Os4 
18 90. 50 6.6 597 92. 10 a2 4, 808 105 
19 8. 30 9.5 3, 469 96. 90 67.2 6, 512 OX 1 
20 35. 70 0 179 82, 20 26.4 2.170 349 
21 = 4. 20 $3.0 2, 331 79.10 112.0 &. 859 190 
22. 86. 20 10 ASA 47, 40 7. 72 1, 609 
23 92. 00 5 230 Os. 00 ).7 ’ 181 
Average - 5. 20 8.9 1, 016 60. 65 68.4 $, 148 i 











COMBINED COURSES - TOTAL COST 
PER CENT SURFACE COURSES 
PER CENT 


BASE COURSES 
PER CENT 


MATERIALS COST 





FicurRE 13.—DiIstTrRIBUTION OF AVERAGE Costs. 


Considering the material passing the no. 10 sieve as 
mortar, table 21 shows that bases have been constructed 
with a mortar content as low as 23 percent with 5 per- 
cent asphalt and as high as 85 percent with 8 percent 
asphalt. The surface courses range from 33 percent 
mortar with 5.4 percent asphalt to 100 percent mortar 
with 10.5 percent asphalt. 
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Sand-asphalt mixes have been used in regions where 
rock would have to be transported such distances as to 
make its use uneconomic. However, there are wide 
differences in percentages or rock used in base course 
in regions where rock is readily available. Excellent 
pavements have been constructed with a high percentage 
of coarse aggregate in the base and it appears that low 
percentages of coarse aggregate with the consequent 
increase in asphalt required are often uneconomic 
designs. 


TABLE 21 Composition of mix and costs of materials, equipment, 


and labor on oO typical projects 


N hern bituminou nerete | Western bituminous concrete 
base (4,100 tons) with sheet 225,000 tons in base ind 
isphalt surface (3,500 tons 140,127 tons in surface 

Co { 
| . Filler, per | Rock Sand Filler ,4 er 
pha 
Compositior f Per Per Pe Pe Per- Per Per Per 
base and cost of cent cent ent ent ent cent t ent 
materials iy 22.9 0 $1.87 1.0) 2.8 0 j $1.8 
Composition of sur 
face and cost of 
materials SU. | 9 0 3. 33 O74 2 ba j 2 
Compositior f 
combined base 
ind surface 
cost of materia ' 19 2 7.6 | 2.56 | 69.4 r 
Cost of 
Equipment 0.8 0. 60 
Labor 0 0.4 
Pota 4. 4¢ 04 
Eastern bitun concrete | Southeastern sand-asphalt 
8,400 tons in base and 9,200 (24,400 tons in base I 
tons in surface 20,300 tons in surface 
Cost Ce 
Rock Sand Filler ann per | Rock Sand Filler AS per 
phalt; 7 phalt 
ton ton 
Composition {| Per Per I Pe Pe Per Per Per 
base and cost of cent cent ent ent cent ent cent ent 
materials 21.0 79.0 6.0 $1.88 | 15.0) 85.0 8.0) $2 
Composition of sur 
face and cost of 
materials. 21.0 | 79.0 6.0 | 1.88 | 13.6 | 74.1 2:31 12.3 a 
Composition of 
combined base 
and surface and 
cost of materials. 21.0 79.0 6.0 1.88 14.3 80.1 5. ¢ 9.9 2 
Cost of 
Equipment 0. 63 0 
Labor 0.73 0 
rotal 3. 24 { 
. 
Southwestern rock asphalt sheet mix for 
face (8,800 tons 
. Cost pe 
Rock Sand Viller | Asphalt wah, 
Composition of surface and cost of ma- Percent Percent Pereent | Percent 
terials 7.8 4.9 7.3 9.2 $2. 
Composition of combined base and sur 
face and cost of materials 37. 8 54.9 7.3 0.2 2 
Cost of— 
Equipment 
Labor 
Total... 


RELATION BETWEEN TIME OF MIXING AND UNIFORMITY O! 
MIX STUDIED 


In the studies at various plants attention was given 
to the relation between time of mixing and the uni- 
formity of the mixed material. A single test for uni- 


formity consisted of taking a sample from each end of 
the pug mill, analyzing the contents of each sample ard 
comparing the results on a percentage basis. Tlie 
weight of a sample was approximately 50 times tle 
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Figure 14.—Errect or Various Factors on Hours or LaABpor AND Cost or LABOR AND EQUIPMENT. 
Weight of the largest particle. Asphalt was extracted mixing. Conclusions are based solely on differences 
i using commercial benzol as a solvent. Screen analyses between samples taken at the same instant and no 
H were imade in an improvised field laboratory. attempt was made to determine the composition of a 
{ A series of tests consisted of taking a pair of samples batch as a whole. Twenty-five series of samples were 
fl at 10-second intervals through one minute of mixing taken, including different mixes and at five different 
and then at half-minute intervals up to 3 minutes of plants. 














a 
140 — 
130 
120 
0 
< 
> 
~ 100 
2 90 
= 
Zz 80 
»> 
= 
= 70 
x 
> 60 
= 
Oo 
Fat 
S sot 
x 
30 
on 
. 
10 1 
®) 0 20 30 50 60 70 8 } 
LABOR COST PER TON-CENTS 
Figure 15.—EFrect or PROpDUCcTIVE 


TABLE,22.— Total percentage differences (see text) between 2 samples 
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taken at_same instant for various mixing times and for each series 
of tests 
Sam- Seconds of mixing 
Course ple sé 
Series! 19 | 20 | 30 | 40 | 50 | 60 | 90 | 120 0 180 
no. 
Surface. . - - 1} 44.6) 17.0) 22.8) 24.0 15.2) 9.8 14.0) 11.8) 23.0 14.( 
2| 40.0) 25. 2) 25.2) 49.8) 14.4) 13.2) 24.0) 10.0) 22.6 31.4 
3} 31.0) 22.0) 24.8) 9.4) 34.4) 12.4) 2.2) 8.6 14.2) 13.4 
4) 17.0) 31.6) 30.0) 10.0 18.0 23.8 22.0 13.6 1lé 16. 2 
5| 39.6) 21.4) 21.8) 24.0) 33.6) 10.4) 11.0) 24.2 15.2 19.4 
6| 77.8) 25.0) 26.6) 48.6 26.2 18.6) 42.6 26.0 22.6 13 
7| 30.2) 22.0) 23.4) 21.8 28.4) 20.2 13.4 14.6 18. 6 
8| 22.4) 19.8) 26.4) 24.4) 22.8 ; 
9} 13.2) 7.0) 22.2) 10.4) 17.4 “ 
10) 45.0) 16.3) 10.2) 22.0 10.4 : 
11} 13.0, 6.6) 14.2) 33.6 33. 6)- E 
Average....-. _ 33. 98) 19. 45/22. 51/25. 27/23. 13) 15. 48) 18. 4615. 54 18. 17 18. 11 
Levelling - - 12; 52.0) 34.4) 27.2) 17.0, 24.2) 16.2) 28.0| 14.6 6.0 17.0 
13|.....| 51.8} 25.6} 23.0) 50.2) 8.4) 6.0) 12.4 25.4 6.8 
14) 38.0) 36.8) 24.4) 23.8 20.2) 21.6, 29.2) 28.0 30.8 29.8 
15| 30.6) 33.0) 18.6) 20.7) 36.4) 14.8 23.6) 12.4 32.8 20.6 
16, 43.0) 25. 6) 28.0) 37.4) 15.0) 23.8) 24.0) 18.4 12.8 22.0 
17| 34. 2} 39.0] 30.0) 33.2) 27.0; 31.0) 13.8) 25.4 12.4 23.2 
18} 14.6) 33.4) 27.8) 12.6) 25.6)-...-|-...- : 
19} 14.8} 20.6] 16.0 36.4) 21.8 
20} 27.8) 16.8} 19.6) 25.2) 18.2 
21| 26.4) 18.2) 30.4) 15.8) 24.2 
Ses 22) 44.8) 46. 2) 37.8) 34.2) 19.2) 30.2 11.2) 13.2 18 19.4 
23| 21.6) 15.6) 13.6} 20.2) 19.2 
24; 36.2) 9.4) 32.8) 48.0 13.0 
25} 44.8) 16.4) 27.8) 14.0) 24.4 
Average, base and leveling--!32. 97 28. 37/25. 69/25. 82,24. 19/20. 86/19. 40:17. 77.19. 83 19. 83 





For each pair of samples the percentage of asphalt and 





of each size of aggregate were tabulated in adjacent 


columns. 


pair of samples. 


The 


differences 


between 


reflect the variation between the two samples. 
totals for each mixing time and for each series of tests 


are shown in table 22. 


corresponding 
percentages were tabulated and then totaled for the | 
These total percentage differences 
Such 


The average results for all 


samples show improved mixing with increased mixing 


time. 


fall in uniformity such as to suggest the possibility of | place rapidly during the first 60 seconds and at a slowe 


segregation due to overmixing. 


However, certain of the series show a rise and | bution of asphalt. 
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LABOR 


OF AND EQUIPMENT. 

TABLE 23.—Variations in pairs 
material of a given screen or 
for each mixing time 


of sample Ss in the perce ntage 


steve size, averaged for all series, ar 


SURFACE COURSE 


ocreen or s 


eve size 


Seconds of 


As] 
mixing cer 
174 be N No. 10 | No. 40 | No. 80 No. 200 
nches inch 
ae 6.81 ) 4 2a 4.01 3. 32 2. 24 
ee wae 4.88 4.70 2. 47 1. 30 2.17 1. 97 1. 96 
30 a 6. 28 ». 53 4. 28 1. 70 1. 46 1. 82 1. 44 
40_. ‘ ~ 9. 33 4.94 3. 40 1. 61 2. 46 1. 55 YS 
aes 7. 57 4.74 4.43 2. 1 1,41 1. 27 1, 56 
60... ae 3. 24 5. 20 1, 34 1. 50 1. 44 1. 53 1.23 
re 5.70 3. 43 4 1, 67 1. 59 1.19 s4 
\. =e 5. 16 3. 13 1. 87 1. 63 1. 20 SS 1. 67 
360....-. aes 5. 20 6.3 92 1.71 64 87 1, 52 
a 6. 56 4.70 2. 38 1, 20 1. O4 59 1. 64 
LEVELING AND BASE 

10_. 10. 74 7.90 6. 81 2.10 2.27 2. 38 0.77 
i iwisand 6. 97 4.41 1.79 2. 22 2. 28 2. 05 65 

eee 8.74 6. 36 01 23 2. 04 2. 02 29 8 

40... ‘ 8. 46 6. 41 4. 80 1. 55 2.41 | 1. 61 58 t 

| Tisoeves 7. 24 5. 07 4. 54 2.15 2. 27 2. 29 63 i 
| 60 5. 06 7. 30 4.81 70 1, 34 } 1. 06 - 09 
. ». 99 3. 67 5. 23 43 1. 67 | 1.40 51 

> ; 5. 53 4.14 4.74 41 1, 29 79 37 t 
as 5. 39 8.17 3.17 69 1.01 sy 51 
7 7. 57 4.33 4.1 s4 1 23 v4 79 


Variations in pairs of samples in the percentage of 
| material of a given screen size or sieve size, averaged ‘or 
all series, and for each mixing time are shown in table 23. 

The data of table 23 when cross totaled cumulatively 
(excluding asphalt) reflect the relative degree of 
formity of various portions of the mix for the various 
mixing times. Such totals have been used in plot! 
figure 16 which also shows the uniformity of the di: 
Improvement in uniformity tx» kes 


| rate thereafter. 
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on ADVANTAGE OF ONE-COURSE PAVEMENT DISCUSSED 

In seeking to reduce the cost of asphaltic concrete 
pavements thought should be given to the design of a 
mix which will be satisfactory for one-course or mono- 
lithic construction. The preceding discussion has dem- 
onstrated the increased costs for proportioning, mixing, 
spreading, and rolling which may result when two un- 
equal courses of different mixes are constructed. The 
broad range in types of mixes which are being success- 
fully used indicates the possibility of designing satisfac- 
tory mixes for one-course pavements. The matter of 
compacting the necessary thickness in one course does 
not appear to be a serious obstacle. Table 1 shows the 
average total thickness of the pavements studied to be 
slightly over 5 inches. On five of the projects studied 
single courses in excess of 4 inches were satisfactorily 
compacted and on one project the depth approached 
> inches 

aie 





SAMPLES FROM 
ALL 


Tests 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 
Report of the Chief of the 
) cents. 
Rep rt of the 
} cents. 


Bureau of Public Roads, 1924. 


Chief of the Bureau of Public Roads, 1927. 


Report of the Chief of the 
> cents. 

Report of the Chief of the 
10 cents. 
Report of the 
10 cents. 
Report of the 
10 cents. 


DEPARTMENT BULLETINS 
No. 136D . 
No. 347D . 


Bureau of Public Roads, 1928. 


Bureau of Public Roads, 1929. 


Chief of the Bureau of Public Roads, 1931]. 


Chief of the Bureau of Public Roads, 1932. 


20 cents. 
. Methods for the Determination of the Physica! 
Properties of Road-Building Rock. 


. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 


. Highway Bonds. 


10 cents. 


No. 532D . 


No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 


No. 660D . 
No. |279D . 


. Highway Cost Keeping. 10 cents. 


. Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


TECHNICAL BULLETINS 


No. 55T . . Highway Bridge Surveys. 20 cents. 

No. 265T . . Electrical Equipment on Movable Bridges. 
35 cents. 

MISCELLANEOUS CIRCULARS 

No. 62MC .. Standards Governing Plants, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 

No. 935MC .. Direct Production Costs of Broken Stone. 


25 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP .. The Results of Physical Tests of Road-Build- 
ing Rock. 25 cents. 


No. . . Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 


REPRINT FROM PUBLIC ROADS 


Reports on Subgrade Soil Studies. 40 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 
SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 
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